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REMOTE MEASUREMENT ONI? WITH INTEGRATED LINE MEASUREMENT 
AND CONDITIONING FUNCTIONALITY 

VV::;> Paf? : R WO/1&9&G2222 1 Kind CtKfe: A 1 



lofts mf& provides a rouitspiidJy ofrmssurs 
s exsciitabte in response 50 commands issued from a supervisory command site. The doaS msasi 
s conditioning capabilities of the arohstecfeire of the present invention impast both virtual remote m 

* .accessed and controissd The RMU operatss primarily as a t»st h<&8d thsf performs rrtechsn&srf 
s iMLT j taste while iis |i!ALI ;s operative to ssripart. pfescfsbed sfccJnea; conditions to asperated 
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jendiSons to a specified iine circuit, said virtus! remote msassj 



access circuitry imng individually aeoassible and controllable by way of command messs 
thereto by way of said supervisory facility. 



* .2 ■ Ar> apparatt is accord! to c ia ; m 1 , v^ersin sad virtwsi remote rnsss ut*m*nt «r«ary is operative . m ^ 
s on a test line circuit designated by 3 pair ga<o system, 

s 3, An apparatus according fa claim 1 . wherein said virtue! matsfc access circuitry is opsrafive, in response 
« to instiXicbons from & *rect access test t>«it» to perform tine conditioning turscfeons on a line crrcurt 
« dnssgnatsd »y a pair gam system 

« 4. An apparatus according to claim 1, \ybsrain said virtual remote measurement circuitry of said shared 
it circuit architecture includes remote measurement cra«try, which is controiiabiy operative so perform a 
fnta tv * r^st *r n*r ^ ^ vs t»^t e vfcuit s^r* _ « aMv r-* n«jn»e ns> vip, -Xv omi „v v_ 
« sod awt measurement resistance and capacitance measurements, analysis of rotary dial pulses, dial 

| 5 An apparatus according So claim 4. wherein said resistance and capacitance measurements Include 
« measurements between tip and ground, ring and ground, and tip and ring portions of said test Sine circuit, 

« 8. An apparatus according to claim 4, wherwrs sa<d wtuai remote measurement circuitry of said shared 
circuit architecture is comroiiabSy operates to asnsrate test K>n«s, and to aiiow tost personnel to establish 

"J v ;H\ ..S::- s : vS •> ?\ U>. 3^ V ig<OU "O \ 3r»:K C! ' v V St.Sti O J; i Ot. ,Bdt<r *<■> eO^OU' 1 IV* 

| 7 An apparatus according So claim 1 , wherein said virtual metallic access circuitry of said shared circuit 
« architecture includes metallic access circuitry which is eontroiiahiy ooeretive to place a test tins in a 
« selected one of a plurality of conditions including opening the line, shunting Bp to ring, or shunting either of 
it both of tip «rx* nng to ground. 

it B An apparatus according to claim 1 . therein said virtual metallic access circuitry of said shared circuit 
«tc.nu,aol«.fie includes metallic access circuitry ^fitch ;s oontroiianSy operative to appiy biuhisvei mavaiiio 

| 9. An ..apparatus according to claim 1, wherein said virtual metallic access circuitry of said shared circuit 
it architecture includes metallic access circuitry which :s controiiabiy operative to cause a }«ne condition to be 
it maintained an the fine for a prescribed pano-d ©ftrm® foiiowicg dssconosct. 

a procssstng unst. wtitch ss cperative to execute respecttve instructions of oosnatihg system fimrvvate thai ss 
a stored sn a memory war inciudsng a remotely reprogrammable msrwry systc-m, througn the execution of 
it whicf^ssid centfsi processing unit ooi?trois remote measurement or metallic access ^functionality and 

15. An apparatvis acoording to ciairn 10, wnsre:n saso' rsinotefy rs programmable memory system oon-ipnsss 
a duaf sfecti'onicaiiy reprogt ammsfels fiash memory systems, one of which Bash itisroory systems ts online, 
a and the otter of whipb is ofltins sss a quasi rscfundant: memory system, 

a 12. An apparatus accordirfg to ciaim 10. wherein said rsmotsly reprourammahie memory system comprises 
s dual eiectronfc.aiiy reprogrammable flash memory systems, ivnlch coofaio respective first and second 
a s'@mom of said operating system firmware, 

co"\u" cacvi t «"-iit,>Ms JOijmtive to ja.i»s &a d ceutfal :o:ocsssin-i un t to boot ..p ^ a pte&cr-Led' osxisn ona 

« which ts operativs', in rssponss to a modification ot opemfertg systeo) firmware, to cause said central 
a processing unst to execute the operating system firmware in that one of said duai flash n-iomory systam 
it wiisre she rncdifi cation of onerati!^ system firmware has occurred, 

" -V " op; i i\ " " » ; tc v « r \ " t;. 1 iixu > \ v v,>' ;^ i u< % " ; i ; 

it memory and a memory access eonfroHer wtttch ts operabvs to prevont «orrupfeor> ot the contents ot said 
a rfjndom access memory )n the event of a power outages. 

a IS. An apparatus according to claim IS, whsrsln sssd memory access comroiifir ss operative to eoupie a 
a prasctlbed auxiiiaty power supply to said niemory umt to preserve contents thereof dunng a power outage:, 

it 17. An apparatus according to claim 10, wherein said ' integrated circuit architecture Includes a plurality of 

it tsst and conditioning re-ays that are opsrafec! under control of said cenfrai procs&slng: pnlt so as to 

a interconnect setscted circuit components of said integrated circuit architecture so a prescribed functional 
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connectivity path to a lost fine circsjii for a given remote measurement operation or s given metallic access 
operation. 



* 18. An apparatus according to ciaim 10, wherein ss:d apparatus further mdudss 

| coupled to sa<d csfitfas processing un" and m external cornmunioa^o:". «nk to wnsen said supervisory s:ie is 
s coupled, and being operative to interface oornrrand and response messages between said centra' 

a 19. A?; apparatus according jo ciasm 18, wherein said communication unit includes a modem unit which is 
a operative to carry out digits; data eonimunicaSare between said supervisory silo and said centra! 

^ifV.t-'-vx „ i. lv, JD-ft teOCle ■> jvUL , *JvU JSto-'O ■> v is \i v "ii „ rf v. tv>t.Mv>ti 

v xndir t i^Sjti =t ^ ^ i! ii > \ 1 ^ iOp ' ! i ice i u it to st 
a supemsory site, and then itoraiiveiy changing its baud rate, as necessary, based upon an examination of 
a prescribed corrteras of s rrmsage from saxs supervisory site, unta fh© baud rasa ofsasd modem matches 

* that of said supervisory site. 

s 20. An apparatus according to ciaim 18, wherein said communication unit feriner includes a data access 

a conttoHabty operative to present an oifhook condition "generate duai torse rnuitifrequency or rotary dial 
a ssgnsis, detect ringing signals, camier, es-iiprcgress and enswertone Signals. 

it 21, An.apparatus aooording to ciaim 10, wherein said shared circuit arehitestote includes sinser/oountsr 

^■x \i.vU^ t) ivi- an^ sui wo-' -"xr^t v ~x-s ■Mtrjatiu -x; f x unir^ ^-->«-< s 
a conditioning circuitry, which is operative generate analog tones having prescribed electrical characietisiies 

s arrtpirtiide audio bond torses. Wtudwgduailone'rf&St&eqitsncf tones Jest tones;, ringback tones, and a 
s reference tone for tin® capacitance measurements. 

s resistor stage for generating a prescribed DC stirnnius to be applied to a test tine. 

\ p ) i -.^ tii H. ? k 5 xif C i Mi i torOiOC d<: ^ O to! it 3ll 

s wnscb is operative under control of said centra: processing units to selectively detect: dust tons 
i *ro i m >foni i c x> coin > as -?s 3 •* 3 -> - f-> •»•, v fie m c 1 1» r 

* setscttvsfy perform nigp impedance aid iow impedance motiitodng of Jest \\m conditions over th© monitor 

ne ^»e- >■ ttq,e e\i»s i»» p^ -e» * i v w*s lot ^ o Ju- J^vU ■> ^» % Mvlt"* t.-i'tefM» 
s between s referersce end a delayed signai for cspacitance meesummenta of seid itne circeif 

« ressstor network." voltage divider sod cittrsnUhunt rector rss^works^an DC conveftet, and an 

« arjslogtodsgitai eenvsnsr, seisctiveiy infercoupisd under eontroi of said centra: processing unit for 
| peffooTiing DC measurements of a iesi iine circuit. 

s 25. An apparatus according to ciasm 17, wheresn said sParc-d circuit arcPitecioro tocludes a voltage dsvsder 
« network and an anaiogto digifai cofsverter , and whereat said remote measurement wrsut&y is contreiiattv' 

cf *t i "> ir^^oitsg c d i it <" I x "i t*!^^ ^ ») * U ^ w ' i < 

it relays, thtough which test iine snaiog voltages are steered to said voltage divider network, with a divided 
s analog DC voltage produced xhsrefcy oettjg applieci k» said aeaksgtodsgital converter. *te otjtput of wPsch is 
it coupled in the form of digstai data repwsentativs of the msasured analog DC voltage to said central 

a netwotK, an AC/DC RMS eorsvsrtsr anel an soaiosjtadigitai converter, and ^jererrt satd remote'" 

s measurement csrcuitsy ss controiisbly opetatsvs to measure AC vottage conditions of sakt reel »ne circuit 

vtf ^ is idf^tna el >■ t^hs ^->t ik a s v v 

a vottage divider network, wstP a dtvttfed analog AC voltage proditced tharsby being applied through said AO 
it DC RMS converter to said anaiogiodtgitai convetter. tne output of whict; coupled in the form of digits! 
s data representative of tse mesiiursd analog voifago to said centrai pifx:sssing unir. 

it 27. An apparattis according to ciasm 17, wnereso said shared circuit ar&nitectore iociudes a snoot resistor 
a network and an snafogtodighaS converter, and whereto said njmote measuremsrft circuitry :s oootroiiabiy 

operative to rnsasunss DC curtent corsdiDori? of sstd tost um circuit throuon said tsst and conditioning reiays, 
s through which test i;ne anaiog correnfes. are steered to said resistor network, wrth an analog DC voitags 
s produced thereby being applies to satct ansiogradigsfai converter, ihe oorput of which ;s coupled in the form 
a of digltoi data representative of the measured analog DC voitags to said central processing unit. 

r> 1?, wherslri said shared ciicuii afchitecair© includes a shunt resistor 
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« tough sets' test and contorting relays, through wmcfi test line analog currents am steered to said shoot | 

* senior rtetwors, wttn m analog AC voltage produced tnereay fcs*ng a»pi<©d through said AC/DC RMS sj 
s convener ts said anatogtodsgitsf. converter, the oytpi.it of whsoh is copied m the for;;-: of dsastai date ?! 

C > >C< i -*t >. ■> r * ^ i C Co ll .. f f 1 > ^ \ i ■> \t W .. I , 

« convener, amplifier circuitry and a scarce resistor network, and wheresrs said remote roassnrernact" ctrcuftry 4 

is oontroiiabiy operative to perform a isns resistance measurement ty causing sa'O digitaiioaoaiog converter j 

s to generate an analog voltage in accordance win a digest coda value sourced frortt said centra! processing 4. 

unit, the osjtpsjt cf said digitaitoanaios converter being coupsrxs to amplifier csrcustry, and supplied ihereft-om : 

fc- -Hi - ( i ^ v.O( - * « <i< « „ „ > « - ~< « a : 

* ; *ne csrcust through sa<o test sod oonojBentng rssavs. | 
30, An apparatus according to claim 50, whsrssn said shared circuit architecture includes tone generator j 

<-> c r sd->t<:rS£ •» r -\ f : 

\ t{ •>< o o O v. ph 5 JX C)C)h C •» CifHtp 1 PC ^ O •'•'^C >C >U^M! | 

the generated source tone signal arid a {oris signal associated witM the effect of said test am. 4 

s 31, An apparatus according to claim 10, wherein said shared ess-oust architecture includes transmission level 4 

s measurement circuitry which ss operative to p&tlotm a mmsut&mmi of a signal applied to said test tins and 4. 

« calculates the value of fhe measured signal, | 

« 32. An apparatus according ia cia«ro 17, wherein said shared circuit architecture includes a voltage divider 4 

it operative 10 detsct drai tone via said tsst and oemditsoning relays, from <m><& a dsal tons signs- is couj^ed 4 

s through amplifier eifoustry and foancJiirtiited by s banapa&s filter for application to saia voltage divider 4. 

« rs^work. ih& output of which ;s converted irsio a DC voltago by said RMS/DC cowmtm and s&nssd by sasd sj 

' \ pii-^Kt^inn. i 1 ? xif c i 3ii i twrc-ioc s o tx M.^ | 

s comparator, and wtweto said sharao" dsewk arcrtitactyro is oosrative to dstoct rotary c'ial signais fey 4. 

« mors I ioring the make and break tiroes of the pulses being examined on said test Sine, by coupling a rotary 4 

« dsal ssgnai tough said lest and conditioning mlays to said offhook detection comparator, sasd offhook sj 

it 5»m(xsraSo? providing a first digital logic ievei during a make pari of a diai pules cycle and a second digital 4 

it logic isvsi during: a foraas; part of salo dial puisa eycia. | 

34 An appararus according loc^tsT. i >", vr-.sresn^saio yss-iuai •Yieteiiic access, c-rct^t'-y :s operative in ^ j 

it ciiooittt?rocgh a ctrewt path inoiodlog sa:« tessi and cortdttsonins relays. 1 

s 35. An apparattis aocordi«>g to claim M. wherein said test and conditioning relays include respective relay 4. 

it circuits vwftich are ssiaoiivsly operative to eftecdveiy disconnect tha test sne. to short tip and nog together. 4. 

s-<^rttp (f - m gtx ■> foq-^ner i ^> 5o_,nin v !•> cn < v. io > nc n c x f d j 

it ssiopan. | 

J t> «. ■> aoc =i at^- ar N r xq 'o ^ „ i \C - s e t s« ■> » mk*. c ati N )t» tritt (nc v de» s> -• >») | 

s drcuitry «*iich ts operative under control of said csntral r>nicesrssng uni! to generate a pSiirassfy of digstaiiy 4. 

it soorced clock signals, and an AC ssgnai source unit: containing analog filter, amplifier and signal 4. 

1" ^i i 1 - 1 i ■■ ^ \ it < - l O " - 1 i; i: ^ -ii^^ 

ti an-iplittide audio band tones, sod wherein' sid «rtual metallic access" c«ousiiy is operative to perform AC 4. 

to -^^t n K i "inv -v r s v v o-tV ->t 'x as stj. a-ri xt o-v dt t- *• v. r v , -> \ | 

ti ssgnaf source. | 

?7 A sf-S^-vnf t*--^f :vj c-id "-0" no iorjo:^ ; i:s ,,n.c" ? nsTC! a xx-n^-fx^ r-^o' a 

oiu'w, 1 o' ii'x s^ 4 , tier- oiii i'o? o\ or Jioir i. >„,. ;< ^nb-pi >t v k<n m' wvjii pr x*r t | 
o is * >n i' nit l " c ^ ■> ^ "s * ^ t *■ lo i - -i -i <^ , 

ti conditioning apparatus^ serrtg aperativs Ui5dsr oormnands souroed from sajdjupervtsory fscjiity to execute i 

it imparted to a spe-ciisd'ilne circuit * " ' ' " "" * 4. 

said supervisory site, to perform singis;;ii« detrsand tests on a test Ssie circuit. 4 

ti 38. An apoana&s according to dairo 33, wherssn said virtual metallic access circuitry Is operative in ::j 

:oaprnsf* to h?tru"f arts fron said s.-oan,'sc ">-v a te, tc parfen-n iiii« ornct'tioii'-g f-sn^no-s on a te-s itna | 
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« 40. A?; apparatus according to ssaaro 37, wherein sad telephone i:ne testing and conditioning apparatus 

* comprass sharssd ctreoit arcbitesctwrs having virtus! rams*© msasarsmsrft circuitry, which is controiiab!y 
operative to perform a piur&iity of n-issasun»r<;sn$& on a test line crr.-i.iit said plutaiity of i-rjoaas-ii-rst-nentr; 

analysis of rotary diai poises, diai tone, and dual tons muitsfrenueticy tones, and the measurement ot signal 
« transmission tewsls eo said test line, circuit. 

s eootroliabiy opwaiJs to generate test tones, and to aiiovv test pgrsonrwl to establish callback and 
s alternatively monitor, apply ringing, task and perform tests ©rs a separate telsspnone Sine. 

>r-fx >*\ -?/^ ,v : -in o =i.:f '#fO,'M<, U • , • , ^ 1 "s -5"-- -i-° ' '0 ^'-St-'S 

« comprises shared circuit architecture hawt§ virtus! metallic access conditioning circuitry, which js 

* contfoilabfy operatrvs- to piace a test line in a ssiscted ens of a plurality of conditions including opening the 

s 43. An apparatus according to cissm 42, wherein said vidual metallic access circuitry of said shared circuit 
« arctskedura includes metallic access circuitry which ;s eontroiiaOiy operative So appiy raghisvei roetaiito 
ic<"cc )c tip ,-jnd ing s nglosidoe fonos -nci v. Whv {r tiV ' n <r nop s>da C a v«t '<nc- 

-54. An apparatus according to eiaiiv! 42, when-tin said virtual metallic access OifcrHry ot said shared circuit 

3 > % U U s X •. V » U f I " -.s ' / ■■ 1 .. i ■• " >. K v X ^ 3 5 ,A v. > !k <■■' bi; 

it ms-nrs-ned op the fine for a prescribed pmoQ of time foiiosv-ng di&oonnsct 

« 45.. A?; apparatus according to ssaaro 37, vsfhprein mid telephorse inns testsrsg and conditioning apparafos 

CC 1<- S > sf- O i!" Jif " Cb fC >\l J 1 > 1 ? |P( ,( t I \ is d -*Ux f C-* v 

it access condfocmng orasSy. sa)d integrated circuit areh!t8efe«« incStKitrtQ a central processing un:i. wbict? m 
s opssrstive to execute respective insfroctions of operating system firmware sha! s!ored in a memory unit 

« procsssifjg unst corarcsis remote rmstmr&mmX -or rrsetaSSsc accsss fnnctionaisty and operatk^ in accordance 
* <v (^vjs,! , -,-t p> jfi-.af d v ~-" s aM !- f m ^aic- ^v"^ ^ v v — 

it 46. An apparatti-s aocordirig to cism 45, wherasn sasd remotely reprograirsniabie m«f5wy systsn - : comprises 
| daai * eisctronicaiiy reprogrammable flash memory systems, which contain mspaciiv© firs! and second 
it versions ot said operating system firmware, one of which fSash memory systems is oni:rse, and the other of 
s vvhrch is (M:m as a qriasiredundsni memory system;. 

« test and candstfons'rjg reisys that are c<perated under control of ssld central processing unii'&o as to 
ti :nterconnecs ss-octsd circus; componsnts of said integrated cimnit amhiiecti.:ns in a proscribed fencticnai 
it connectivity . psth to s tsst »m circuit for a given remote measurement twtottomlity or - a given iTistaiitc 
s access fonc'ioosSity. 

ti 48.. Ar; apparatus according to ssaaro 46, vsfherein spid apparatus includes a communication unit vrhloh is 

ti operative to csmy out digits; data communications between said sopeivssory sites and said mntmi 

tt processing post at a sassetod one of a pluraiity of baud rates by initsaily its baud rare to default baud rats 

s corresponding to the highest baud rale at which said modem is operative to communicate with said 

it supervisory ssto, and than itsrativsiy changing Iss eaud rats, as nsosssary, based upon an sxamination of 

tt that ©i said supeiVisory ssto, " 

it 4S . Ai> appa r atus accord «g to ci a im 4 8 , wherein sa id com m u nioa f ion un if f « rth w indodes a ^ da ia access 
ti controiiably ^operative to present an otlhook .condition, generate duaUone mnittfroquei-icy or rotary die! 

^ >t , \ hi b ■- 1.1. . i t jti i. ■> ^ of --a -■ i ■> it v 1 ■> > i.* -^siiy -.oil k ^.-ne ^ t > U:lii!i j> > 

ti eondiisofiing csmlistry, wtiishts ocerabve generate anasog tones navst^ prescnped esectrscat characteristics 
tt m accordance w-th selectee; ones ot said digitally soucced cksek ssgnais and tnereby gcnsrale yariabis 
| arnpittode audio band tones. 

1 \ p ) i -. u ^ if 3 n. ? ; xif c i in ) Iwroioc dt »D' N^.i3i 1 

c?--a- on nvw. •«. --rd -.^toga i«fe!en,-.« v o ts iosna ca-\;nar c v^srv anv a -- ; c;aha '-ctra 
i»s\*ii •> > ontnq > v.» x> f>i. <s > v ->h^ap d o Sio-> 



dudes dstedof circuitry 



* whsoft ss operative under control of sajd csntras processing units to ssiecttveJy dstect riuai ton© 

^-ic\ >x~x i ^ Mr •«»*> x* wk iin:: V \>M,.> xftr li ^ xi ! x-is ^ vr> v - < 

* line, detect stogte frequency pofsss employed for rotary dial analysis, of detect phase difference interval- 

* between 3 reference and 3 delayed signs! for capacitance- measurements of said iino circuit. 

S3. An apparatus according to claim 45. wiwsin said snsrsd circuit arohitscturs includes a i&rrrHoatson 
s resistor network, vortage divider and current sham resistor networks, an AC-RMS DC converter, and an 

msa&viremsnts of a tssl iine circuit. 



* 54. Ati apparatus according to da&rs 47. wherein said shared circuit architects; re inekides a digstrsitoarsatog 

s converter, amplifier circuitry and a source resistor network, arsd wherein sa;d rs roots measurement cireuiiry a 
s ss confrollabiy operative to perform a 8ns resistance msasursmsnt by causing said digjtaltoansiog converter a 
| to gsnsfafe an analog voitagss sr> aceoaiance with a digriai code va^s sonrc-ect fnpm said central processes | 

* unit, the output of sasd digitaitoanaiog converter being coupled to amplifier circuitry, and supplied therefrom s 
f:i:Oi!T- s^io ca-i •es-f-M'- o-v^nc -<*rsts t -v. if - ^ssjta-X--- ■ >-s ar-'i opp ^ to -.-f- 5so« ct t: vs.: 

s ssne drcuh through said test and conditioning reisys. 

s SS. An apparatus according to claim 47, wnefesri said shared circuit srcbifeeti.rro melaae* tone generator 

M.> v.**!**^!*****' :v V VKj *>) I* vt-ii - w - '!f'~ ^C N p«!v.t: * 

* to perform a -srie resistance measurement by causing sasci sane generator to apply a prescnoad test tone 

* -J * *■ i *-^t ■» •> ^ =< - •» - ')>-> P»ni i) fl* i>l» v, » =t W H> S-i !■* v.n»<-t?0>»i S> - 

s trie generated source tons signs! and a tons Signal associated ws!h the effect of sasei ies5 iine. 

« measurement ciroBitry which ss operafeve to parform a meas 
« caicuiates tne valua of tiia maasured signai. 

•"^AOt\ cn A.<. TO HVS coosO^f -<* ss vU^^fatJr =; - noo ^ ^ -asd -? sfd 4 ' - *fx$ ^ •> 
« operative to defect dial tons via said festaod conditiooing relays, from which ad^i tone s^nahscoupted 

« nsswork, tna m\pm of whicn <s conv««d into a DC vcitag® Dy said RMS/DC convsrtsr and s&ns&d by said | 
s con"i>af ator, which provsdss a d;gst3i iopic tevsi f«presien!ative oi whether or not dial tone ss present on said i 
| iss-is.' 

« 58. An ap»«ratos accordtng to c-isim 4 wtisrssn sasd shsr«d csrcust srcbstsctpr* snciPdss m oftbook 

| diss s-gnal thraogo sard test ana coridstionfrtg ffiisys to said offhook Wesson corppsrasor, ssid offt-ioos 
« comparator pi^vidtrsg a Srst digits! iogsc ievsi dorsrig a roaka part of a dt'a! poise cycia and a second digitai 
« logic ievo; msmg a break pan of said dia! pates oycie. 

« 5S. An apparatus accorcisrig to otalm 47. wiwsin said vsnxiai m^iic 

'■"f 1 Mf c* >!■>- ! > i cssp^^i o % > in v •> c 
s oifcait through a osrcust path sncipdsrsg said test and conditioning relays . 

68. Ars apsstalus acixtdtn> l> v»»< x \ s^d »««- Ji' «> » '"Uts.o \» i$ wo s»-so*st\!» 

« circijits which are seieoiivety opes'stsve fo effsctsvsSy disconnect the iesr iirse, to shon tip and ring togetner, 

-* f> y " -j -> -ri r> "-is"- t.tf ftyi \ * ii\*>fp- a"d ->v^j <-n;^ t. Hi- )}■> 

I 8J Af« app<sia5>.ss according fo datm 46, whers;:-; sasd sha^d circuit archilectiifg inciPdss b«»f>«iur4sr 
« circiiitry which is operative under controi of sasd centra! processing «r»t lo garserafe a plurality of dsgstaiiy 
« soorcBd dock signais. md so AC rjigrsai source onst oonSasning analog filter, amplifier and signal 
s oorsdsfionsng circuitry, whtct* is ooeratsve ges-serate analog toi)«s havsng prescnbed ete<a«cal charactenstics 
» m acsocrdsncs vrfth -sslscfsd ones of sass dsgitaiiy soprced dock signals ano ihemby g«o»rat© vanab!» 
« ampfi&jde audio band tones, and wherein said virtual metallic access circuitry is operative to perform AC 
| line conditioning by placing a metafile tone on the tost iirse as a tip 



REMOTE MEASUREMENT UNiT WITH INTEGRATED LINE MEASUREMENT AND CONDITIONING 
RJNC TiOilMALiTY 
FIELD OF THE IWSWQN 

The present kmt^xsn r-slat-ss in gsnsral to commynicatson systoms, and is paslicularly ijirected to a new 
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combination of ecmmu?wsi»rs and aleoioeat parameter measurement, conditioning and processing, 
circuits and an attendant cootfoi processor, through whtcn both Sins circuit measurement functions sod 

measurement units and msraiiiC access ymts, may be seiscisvety controlled from a remote command site. ; 
BACKGROUND OF THE ifWENTiON 

Conventional measurement and test equipments employed by telephone service providers susiornarsSy 
contain a variety of conditioning and signal generation capabilities, which enable service and •• 
maintenance personoe! to command a remote terminal 

(RT) , provided at the terminating end of a digital loop earner 

iDLCi sysiem {which extends phone service to subscribers beyond the norma! physsoai knits of a centra* I 
office) , to appiy a prescribed number of oseefneat stimuli to s isne teg. a {d-gstst? subsenbar soap) . for the ; 
purpose of troubia-shootino, the fin* and measuring its performance. 

A nen-limitafive example of the Installation of such equipment 'm a telephone network is dlsgramrnaSloaiiy ; 

si a ptyrafity of stfas geographically remote and dispersed with respect to each other and a centra! ofisce : 
13. Each remote terminal 1 5 Includes various resource components, such as ions generation and 
electrical conditioning circuitry, which, under tee control of assoclaiaa internal processors, selectively 
transmit fast signals to &*s fine, and may also condition the tine with prescribed efactrioai circuit 

ierroinai unsi 1 i is typically of the type thai conforms to computer tmedace requirements defined so Issue 
3 of AT&T Publication K8-232S3. 

Conventionally, the remote terminal 1 1 employs a separately dedicaiod measurement and test unit 1 1T 
and a (metallic access; tins conditlentog unit 11C, each performing a unique sat of communication 
capabiftty and ssgnaf processing functions with respect to a selected network tine 1 3 and subscriber 
termination equipment t5, under the control of one or mors host computers, video display ierminais 

! t f(a«: i o. vihit !tl ^<^\ti > fj< t r- J< 1 i k * i " unf< <. "nd < 
17, sash as industry standard Hayes 'AT -compatible 300/1200 units, shat are linked to central office 1 2. 
Additionally, via an attendant: test set ecypfsa to a direct access test unit (DATUs and pair gain (PG) 
!•'.*" tut « id atedtes. -rsi ^n n^y U;uio acCi-it- to esthe oi >ne tt-sl v 'rcu;t>> o* t-*- condition:; g , ttv,uit< v' of : 
the remote terrritoai. and tharaby remotely tea; or condition a tine, in snbasantiaiiy the same manner as 

Assooiated with each of the resources of a remote lerminai, including pbone Stress for testing and modem I 
access, power sopply, dog generators, physical mounting space, etc., is a finite cost, in addition, servicing \ 

i - "hi-<i rt iif ons r on term a • - nt }b fe >. ho -< f tc o 4 -* 

in an attsmpt to reduce cost, some termtnai equipment providsrs produca individual devices, ths 
hardware of vdiich «s constrained to perfonn onty a tsmited subset ot testing, monitoring or conditioning 
ftjnotions, that hay© bseo seisctivsiy tailored to satisfy a 'profarrod 1 sot of reqnirsmsnts of the user. As s 
resuis. shouid ins user request adefttanai psrformanoe caosisssssy, a new 

pises of equipment must be. purchased and instaiisd At present, no coovontionai remote terminal device ; 
provides the capabsisty of substantially any fanetion that a user may desire, including saeh of testing, 
monrtonng and conditioning of a Una. 

SUMMARY OF THE tNVENTION 

in accordance with She present invention, the substantial cost associated with tbe instaiiaton and 
sarviolng of separate testing and conditioning systems ana the iirnsaa capabltties of such conventional 
systems are effscfwsiy obviated by a new and improved processof-conirolied tsfephone llrse 

3n:nQ C'Tcurt architecture, which ss rsquippsd with a broad spectrum of 

torn a remote command site, in effect, the- architecture of tha pfoaant invantion o?ay ba considered to 
contain a virtual remote measurement unit {RtViiJ) and a vinual metallic acosss unit ftViAU} that may be 

!i-(8cftanl28di Soop testing (MLT) tasks, whiie the MAU Is operative., to impart prescribed eiecthoal 



conditions to a specified line circuit | 

I" vrftt t * t \. >*! fej =! tf k v, this !«Wlt e W iSWyf n •> !l tow I 

Iron-! a command site | 

(ksop maintenance operations system) and parforms singia-fine demand tests on a \\m provided by a pair | 

gain system. As mil bo described, included within tfce RMU functionality is its ability to measure AC and | 

DC voltage and torrent, and three way resistance and capacitance {between tip and ground, ring and | 

ground, and tip and ring) . With this testing capability:, the RMii provides SvU.T type features for tomtits | 

subscriber loops which are mi o9w«« accessible t>y j^LT units in a central otlee. The HUH can also | 

signs: transmission levels, generate tssl tones, and aiiow test personnel to establish callback and | 

alternatively monitor, apply rfngmg. talk and perform tests on a sepas^te telephone line. | 

To operate- as an MAU, the system receives commands from a direct access test unk (D.ATU) and | 

performs line conditioning functions on the test line provided by the pair gam system. When operating in | 

the MAli mode, the system may open the line, it may shunt tip to ring, of it may shunt either of both of Hp v 

and ring to ground . it may also apply bigh-tevel metallic tones to tip and ring, or stngie-sidsd tones | 

indfVidnassy to the np or nng side of trs® tin®, m sdamon, st may cause a isn® condition to b® matolatned on * 

the Una for a proscribed period of time following disconnect | 

The system arofiieetum of the remote measurement unit of the present: invention Includes a central 

processing unit {CPU) , vrhsh ts operative to execute respective instructions of operating system fcrmwars s 

that is stored in an on-line remotely programmable dual flash memory system, so as to control system | 

in addition So the dual flash (PROiVi) memory system, the system employs a random access memory | 

(RAM) module. Each flash memory system contains a pair of Sash PROM modules. One flash memory | 

system is on-line, and the other of which Is off-line as s quaes- redundant system. Ths system is | 

configured to normally boot up in a given flash memory system. Since She firmware contained in either | 

memory system is reprogrammable, teen, whan a change in operating system configuration is carried out, | 

reset control logic ensures tot the intended operating system (e,g, an upgraded system) ss run. When the | 

system a? the present invention Is initially configured for mstaliacon as a test and monitoring site, each of v 

memory systems contain redundant versions of the same operating system software, | 

The architecture and selective programming of the flash PROMs of She primary and secondary memory | 

systems is preferably conducted in the manner described in co-pending application Sods) No. , filed | 

coincident herewith, by 0. ScMlac: et al, entitled: "Locai/Remote Modtoteon of Giectronscaiiy Alterable v 

Operating | 

System Firmware Resident In Redundant Flash Memory of Remote Unit for Testlngi'Conditioning | 

Subscriber Lsne Circuits, * assigned to Sne assignee of the presera sopiscsxKsn and the disclosure of which s 

is herein incorporated. Each flash memory module may be erased and programmed through a modern | 

'-lit n - --^ n --vtr, ■> smi ■<> < t^ i -< v s < - \ v - (K> 

cause a prescribed default flash memory system to be accessed by the processor, which then continues | 

So use operating system resident in the default memory system until that system Is modified. Thereafter, | 

when the operating system is to be changed, the Inactive (off-line redundant} system Is modified fey | 

means of a download sequence and the system Is reset, Upon reset, the previously inactive system | 

becomes the active system, while the previously active system goes off-line. | 

Access to memory Is by way of a memory access controller comprised o 
and en associated address mapping look up table PROM which 
decoder. The memory deooder is coupled to She processor data portioi 
system bus. Coupled to the memory map PROM ss a non-volaci 
which prevents cornrptiori of RAiVi memory during power outage 
the battery line and ss operative to couple a 3,6 volt battery to the flash memory 
during a power outage.. 

The central processing unit Is interfaced Via a communication unit to external communication II 
receiving commands and reporting Ihe results of executed commands to a supervisory site. 

An input/output (I/O) unit Includes a plurality of testing and conditioning function relays that are 
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connectivity path fcf a given RMU or MAO functionality. Also included are panphsrs- registers artd raiay 
driver circuits through which the CPU controls the reiays. The communication unit may include an on- 
board modem which is compatible with 8«ii 212A/103 and CCITT v.22rVJ?1 opening 

telephone tine inisrfsr.s, and additiona! tsiephone line signaifeng anxfftry which is controiiabiy operative to s 
present an off-hook condition, generate sSuai ions myrfc~!r©quericy iDTMF; or rotary dial signals, detect 
ringing signals, carrier, call -progress and answer- tons signals. The communication unit aiso Includes 
iocs! and expansion serial communication ports, through which serial communications may foe conducted | 
at different oaod rates. 

Internal timing: for the system is provided by timer/counter chips which includes oscillators, frequency 

dfcutuy. analog-to-dlgital converter, and additional sigoai processing components. An snpuifoutput coniroi/ :; 
communication (KIO) supervisory unit may comprise a Ziksg 284C90--based countentimer chip (CTC) 
which has paraiiei I/O sorts, a mult!- dock port, am of iuii-dupiex serial ports, Intemsiiy, a CIC comprises i 

system. The serlai: communication ports have variable baud rare and synchronous or asynchronous 
capability sod ars cousfsc- to an RS-232 serial communication drlver/recswer, 

Additional counter/tiroer chips are employed as scheduler timers, time interval counters, pulse counters 

- x\ ?«-"<f tatcr^ Kr . «.sis*<ft * ^clinti* -tudi f u-ki i» is t^s^ur! ^ kfu^x- f : 

timer chip are connected in a daisy chain, prioritised interrupt configuration. Associated with the timer? 
counter chips are respective selector ioglc circuits through which the various clock and timing signals 
provided by the CTCs are shared among ths CTCs for tone and timing signs! generation, such as that 
employed; for rotary pulse generation and capacitance tone generssioo for capacitance measurements, 

^v.tf » =! f> » ai "M^vXis 

digits! frequencies so analog tones having prescribed m 

of vsnabfe arnoiitude audio band -ones, such as DTIVSF tones, test tones, nrtg-dack tones, and a reference t 
tons used for line capacitance measurements. A 00 source unit contains DC coupling circuitry which 
provides CO battery voltage for powering a line under test, and producing precision, variable DC voltages | 
under CPU control. Variants DC voltages may be generated using a prescribed voltage reference, a 
$gitai--to -analog, converter (DAC) , a power source voltage stage, and selectable source resistors, so that: | 

Also employed is a detector unit wh«h rs operative to detect DIM!" sigoaiisng : external closed-contact 

also perform nigh impedance and km impedance monsfonng ot test Sine conditions over ths monitor line, 
or detect single frequency pulses employed for rotary diai analysis or phase difference intervals foefcveen i 

extremely precise AC and DC voltage and current measuremonts on the line under test . The 

comparator for performing quick voltage checks on the line, an ADC for making DC measurements, and a | 
set of capacitors used for self diagnostic tests. 

Power tor the respecti ve wife ot the system: is provided oy way of a power suppiy unit \*htch receives a 
set of prescribed power supply voltages and includes DO-DC converter circuitry for providing the 
necessary DC voltages for powering tne circuit components of- the various arm. it aiso couples CO 

i- Itl-i-! . !of UO ' <-:!!!'-! t . -iU'Jl - itt 

As noted previausiy , the integrated line test and conditioning architecture of the present invention Is 
oapsbis of performing both remote measurement unit (RMU; and metallic access unit {5&AU} 

functionality, each of which may fee individuaiiy accessed and controlled. The RMU performs mechanized | 
■X-., -mn-j f^'L ' >•?.>!■ 5 -r" e fhi M-"->. ; ; ..ad* prt-»>" L>:Vi >?:ec': „a t^neii' os . r to s »pt:c ciicsst | 

When centfollably accessed to operate as a virtuaS RHU. the system responds to snstruofeons from a 
command site and performs single -line demand tests on a line provided by a pair gain system. Access to | 
the system may be effectad by a modem: link with ths central offio©, amploying a modem interface 
communication protocol used mechanized ioop ieefing system to drive the system as en RMU. The RMU | 
ftinctlDaaiiry that is embedded in the circuit architecture and software that controls the operation of such 
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circuitry includes the ablirty to measure AC and DC voltage and current, and three way resistance and 
capacitance (between tip end ground, ring and ground, and tip and ring) . The RivtU is also able to 

signs: transmission levels, generate test tones, ana aSSow test persorsnei to establish callback and 
alternatively monitor, apply ringing, faSk and perform ts*t& on a seoenne ietepnone »«e 

A DC voltage meatturemsnt measures DC voitsge conditions presented on the test bus. The conditions 

can be internally generated or they may be presented exteroaiiy from me ousside line under test via teiay 

system* s ATJ converter wtveh than towards digital bats reprssentativeot the measured anatcg DC 
voltage to tile CPU, 

An AC voita-ga measurement is similar to a DC voitage rrasasyrement in thai it measures AC voliaga 
conditions presented on the lest bus, and requires that the signal be routed the AC/OCRMS converter 
prior to being coopied to the AO converter, where the voitage Is read and digitized. Both DC and AC 
current measurements am similar to voitage measurements, except that a current resistor 

'„ \''!\ -.^iivV^td 1 9 !i< j^f A X >v^t> % 4 , or*. 

differentia! resistances across tip-ring, ring-ground, and tip-ground. For each resistance measurement to 
be performed, a respectively different resistance measurement condition is asserted by the processor In 

»V --t.- t:. •. f i « v I., toi ::--UrVt: s, > s, •> Op- t .VW: t •>!' t!i« " " ti>"vf,to k. uO i. "> 

converter (DAC) generates en associated anaiog DC voltage. This voltage Is coupled to a power 
operational amplifier, vrhere It is amplified and then fed through prescribed resistance components of a 
source resistance -adder, and applies to one- sfcss of the test pairthroLigh too test conditioning rs-iays and 
to the input relay connect/proied circuitry. During DC resistance measurements, depending on MLT 
commend parameters, that side of the test pair not being sources with the DC measurement voitage is 
either open, shorted to ground or shorted to the other side of the tost pair, via the test conditioning relays, 
s ( ctf ^ti.!.r>, itinjs,,)ii Jj, ^ use dn >j*d dc ^ \ 4 'C-ttsgeoiv „V:r vo^t \ Bid bv 1 >> 
^ \ * v s od- ti^d-st in t_ t - v.1. srr n - > -s jisfe * fo r ^ i t m 

'delta' resistances on the test pair frost; this measurements date, taking Into account the sousx* voltage 
and source resistance usee". 

Capacitance measurements are conducted »y applying 3 preserved tost tone ie.g. 3C>Hz) to the Isne and 
measuring phase delay between the source and the effect of the line on the tone transmission. The tone 

described above for resistance measurements) and line vottags attenuation end phase shift are 
measured for each test line configuration. The resulting measurements are then processed to derive a 
differentia! capacitance, 

A transmission ievei measurement performs a measurement of a signet applied to the test pair and 
calculates foe d8m value of the signal. The signal is band-limited through a programmabte fitter vs.g. 
between 300 and 3000 Hz) , The system bridges onto the test 

pair, reads the AC voltage on the test pair and reports the converted d8m value, if the initial voitage 
reading is lass than a crescribed value fs,g, ISO rnV) . the X'iO amplifier csroustry, described above, may 
be employed to provide Improved granularity from which a second measurement and associated 
calculation may be performed. This second dBm vaSaa is then reported as the measurement vatue of the 

Dial tone detection Is employed fey fhe RMU to evaktate the dial tone on the sine which is connected to the 
i^ofw >- f-^^st q >^ ron tor tu * m^Matinj* ^trij>Y V^H^i <- f i\m\ 
prescribed periods of time, in order to dieted dial tone, ei ther the test pair relay or a pair of monitor relay s 
are coupled through relay connection/protsotion paths to respective isotaiion transformers, depending on 

The d <. s 1 It " d a r t > ) oiaioo fen i s b f } )=■ 

signal is band-limited by a bandpass fitter. The bandpass-filtered signal is applied to the voitage divider 
network. The resultant divided signal ss converted into a DC voitsge by the RMS/OC converter and 
sensed by a high-speed comparator. The high speed comparator provides a high digital logic ievei to a 
parallel port read by the CPU, if fhe dlai tone signal exceeds a reference voltage, which is set at a 
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the high-speed comparator indicates the absence of dial ions. 



Rotary dsal analysis monitors the maks and break times of the pulses btmg examined on the test pair; For : 
rotsry e&ai signal analysis, the {rotary dial) signal Is coupled through relay oonnsct/oroteeS circufcry. and 
test conditioning relays which provide CO. fcatt&ry loop power to an off-hook detection som&arator. The 
off-hook comparator provides a digital low logic level during the "make" part of toe cycle, \*tten the rotary : 
signs! is more negative than a prescribed threshold. "Breaks" sm invested by a high logic level. The time ; 
intervale of the mate and t>wate& poises are measures by the counter/timer Ohio fCTC) which 

couples the Inforrnation to the GPU 

Touch tone or DFMF signa; analysts performs a test of ihe DTMF digSs received on the test pair during 
the lest peaod. A prescribed number of d:gks and 3 given mat tsroe are employed, in order So detect 
OTMF signals, either the test pair relay or the monitor pesr relays are coupled through relay connection/ 
protection paths to respective isolation transformers, depending on the DTrviF path of interest. Via test 
conditioning relays. She signal is coupled So amplifier circuitry which compensates for transformer loss. 
The loss-oampensefarj 'amplified) &!Cjoa« ss then coupisd to a OTsViF receiver, which reports data of Q'iW ; 
signals to fee CPU. 

A callback may be established on the talk pair telephone line connected to the RMU. This functionality 
allows the party to whom the callback is placed to have access to the line under test for the purpose of 
talking {Talk} , monitoring (Monitor) and ringing 

{hold} . Before any of these fanc&ons cars he provides, a callback condition must be established, in order : 
to es;ab!lsh a callback condition, it ts necessary io nave the RMU dial a predefined telephone number via \ 
the monitor pair Then, when & connection Is mode with the monitor pair, a callback condition has heeo 
established. 

The Talk function involves maintaining a low-impedance connection between the test and monitor pairs 

communication between the lest and monitor pairs is possible} . in addition, ' the test pair is powered with : 
CD. battery loop power (Battery may he applied io the loop in either forward or reverse polarity.) For this ; 
purpose: either the test pair relay or the monitor pair relays are coupled through relay connection/ 
protection paths to respective isolation transformers, depending on the talk path of interest Via test 
conditioning relays, CO. battery bop power Is provided. 

The Monitor function involves maintaining a one-way. nigh- in 
the monitor pas' (using the high-Impedance amplifier circuit. « 
jU,svs*sc ,es r>»> v\it«utt ^ . * \, CO 

battery power to She test pair. This allows the party on the talk pair to monitor the activity on the last pair; 

protection path to an isolation transformer, Via test conditioning relays, a path js provided fo high 
Impedance monitor buffer amplifier circuit. The cascaded monitor pair relay pain Is coupled via isolation 
transformer to high irrspedsncs monitor amplifier. 

The Hoid function involves remaining off-hook on the roorsisor pair without a test pair-to-roormor pair 
connection or battery loop power being applied, via a relay connection for the monitor pair, per se. and 
the reley connection to test conditioning relays for the test pair, separate from e connection to the monitor ; 
pair. 

All tons signals are generated in accordance with digitally generated otock signals that are controliebiy 
combined, filtered and amplified to produce the desired tone signal , Tone generation may involve the 
provision of a prescribed tracer lone (e.g. 577.5 H* at 10.8 dBm) to the test pair and Interrupting the tone : 
at a dehned rate. For tone generation, processor ciooK signals are eppi:ed to the timirig^ounter chips and \ 
selectively divided down to produce the digital clock components of which the tone signal is comprised. 
The peakr-io-peak arnp-stsiPe of These signals is set by rhe DC ievei oulpul by a DAC and the signals are 
ssiiscfivsly sisTimed as necessary by frequency addeafseiector «rouitry. The respiting sine waves are 
coupled to Sowpass filter circuitry, and the fittered tones arc then amplified through a tone amplifier and 
coupisd through test conditioning relays, which provide connections with the required termination 
resistors. 

The ring subscriber function applies a selected one of a plurality of available types of ringing signals to Ihe : 
positive superimposed ring signal applied to the ring side of ihe tine, a negative superimposed ring signal \ 



Whrsn performing a ringing test, the RMU sppiies the ringing | 

signs: to the sest naif and monitor she line tor a subsequent nng tri». Once the lest pair goes off-hook. s 

the PMU iwnowss she noging srgrta! from she test pair end places foe caflbadt taSk mode. w#) batter;, 1 ?: 

toe power applied in the forward poiahty state. To conduct a ringing signal test, a signs- is connected from s 

a finger (or also applied to the test pair) with the proper ring cadence through fhe relay con neot/p rots ct | 

circuitry to respective test eondissorting " relays. Vis the conditioning rslsy circuit path, the signals are then s 

steered to the voyage divider network. The divided analog AC voltages are then coupled to the RlVfS/DG | 

converter, which translates She RMS voltage to an analog DC voltage. This- analog DC voltage is then 1 

read by She AD converter which sends digrtal AC voltage srieasuresrserri: data to the CPU. | 

Off-hook detection monitors the Sine wder test to deter^ne -.'-'bether ttrte voltage inchoates thai She 

subscriber termination device is off-hook. For off-hook detection, the subscriber line is coupled 37D2 | 
u <c o ^v ortn f f - i j ^ id ""^t o ilti rt" j f -.\ >.<■*> o >"*<""> lr t r\ x- 

to aft off-hook detection comparator. The off-hook comparator is operative to output a dsgitss Sow ieglc | 

level to a parallel post teed by the CPU when She subscriber Is off-hook. As described previously, an 'of?- | 

bodtC condition is declared when the signal level is more negative than a prescribed DC threshold. | 

To detect so alarm contact closure, the alarm input is coupled through relay connect/protect circuitry and | 

condition of contact of an alarm relay . The alarm Input level is compared In the threshold circuit with a | 

o < o< "* N 1 t li ntt-csk h i ii i sant\ 5 ? t *.i i> us »<.^ 0 | 

occurred. The alarm comparator output is Sow when so alarm contact closure condition has been | 

asserted. sj 

~ p ^ c i R \ <\ i n'ti 1 t o r-,nni ? »! c * c kc h | 

system receives commands from a direct access test unit (DATU) and performs line conditioning | 

tactions on In® test ilm provided by the pair gain | 

system. In She MAU mode, the system la capable of conditioning a iioe in accordance with ssiectlveiy | 

Invoked rVtAU fenctionatify, using the relay conneet/proteet circuitry and test eostortioraog relays, as s 

described above m connection switK the description of the RMU operating system, in she MAI) mode the ?: 

following {varifiafcie on demand) conditioning functions may be invoked:: open line (in which the line under | 

test is disconnected - , short line (tip and rartg are shorted together} , short to ground {tip, nng, and ground s 

are sii shorted together) , tip ground (tip is shorted to ground, with ring open; , and ring ground (ring is | 

shorted to ground, with tip open) . To verify any of the above conditions (wish the exception of open Sloe) , | 

m interna: resistance measurement is conducted, prior to providing a connection to the external line. s 

For AC line conditioning, a high ievel (tracer) mstaiiic tens is coupled to the isne as a tip and ring fens, | 

using the tone generation oirouitsv and psto ooriiiections described above for RiVSU tdnctioriatrty, except | 

thai prescribed paraamsters of MAU tone signals srs different from RMU tones. For tip tone and ring tons | 

for an 'vlAU tone defers from that ot an RMU tone. To verify placement of a tracer tone on the tine, an s 

internai transmission level measurement is conducted prior to connection to the tine. | 

The fvSASJ may also conduct a hold test by maintaining the Sine conditioning: currently invoked for a | 

prescribed period of time fe.g 1-88 minutes) , which begins when the system goes back on- hook. | 

Functions which may be held are open am. shorted line, short-to-ground. tlp-to-ground, nng-io-gmnnd. tip s 

BRIEF DESCRI PT-On OF THE: DRAWINGS 1 

i- ^ - ! t ^ s \ i I- o i 4\ \ta (!^ «t i ^t^r 4 SS^ f j. t , | 

of sites geographically remote and dispersed with respect to aach other and a cenfrai office; Figure 2 Is a | 

block diagram of the ovsraiS system architecture | 

Figuses 3-2 1 are schsms«c diagrar^s siio vir?g the detailed rxsnf^guratson of She units of the RWJlMAU 

system arenstectus'e ot Fsoure 2. wrssresn | 

Figures 3 and 4 are schematic diagr ams of the details ofipower supply «nlt. : | 

Figures §A and 58 shows the central processing unit and associated Interface circuitry; Figures 8A and | 

88 scf lernatioally iSfUsttates a memory access eontroiier and timing logic circuitry; | 
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Figurn 8 schematically siiusf rates a sst of counter/timer chips (CTCs) and sssodated coupling tegsc 

Figure 10 sch®msftca8y lustmbs ibe drcuif configuration of the mrrimonicafioo unit 210 of Figure 2; 
Figure l - i rshows a plutsisiy of write ports ami associated rsfay dnvsns for soffing. up tssi fs.:nr;t<ons of the 
system; 

Rgurs 128 shows a tnreshofc- oejsctor areas*; Figure 12G sehernahoaiiy iiiusirates &n sff-hoofc ost&esofi 
comparator. 

Figure 120 depicts 3 feanfe of iighf erd)trir;g diodes iLEOs) which to provide visuai states infomsstion to 
Figure 13B shows s tone generator circiiii; 



Figure 148 shows a mtey circuit ihsi provides an auxiliary 

low smpedanos monitor cormsctiofi bsfwssn a test pair Sine and a m«ite line; 

Figure 15 schematically iiiusirates cotteWs connection circuitry, which is operative to eoupie tessi pair 

Figure 18 shews voltage and currant reeasurerrient circuitry employed for nsmofes measurement AC/DC 
m * ■sr ^ t toff •> ^ >if" ^ !i "? i v h^)}*!- s diu > v ; < (.c "c > i c c 
portion of the measurement ursst 270 of Figure 2, which contains a prsc^on AC-DC RMS (inverter arsd 
an snsSog-ta-digitei eorwerier (ADC) for making DC measurement; 

Figure )78 shows digitai-to-soaiog eoavm&t circuitry; Bgurs 17C shows a high-sp-sed comparator for 
performing quick voiiage checks on ihrs line: 

Figure 170 shows a tons generator anipiiTter; 

is epsrafive to provide AC voltages ampioy&s ip capacitance msasuramsnte and DC voisagss used in 

Figure ISA shows fittsnog circuitry for the variops tons sigpais including a first Sowpass filter and a 
resistors for capacitor measurements;; 

Figures 18C shows a buffer amplifier having a poteotsomsler feedback resistor eoupied in circuit wrib the 
•> f>f >n •> i tfTftt I 1 - " ^ C "0 Ctl <} \ >. s-k ■> ^ + 5 ■> p ( «i 

smpioysd in various tixsM paths of Figures 1 5 and 1 7C; 

Figure 21 schematically li-osirates the configuration of an 

AC sojfc« emptier ipows; b->c>»> c:i>:.!t>en-!pfoved ".>■ rnetailso ,jcc •.:•>•? „O!V>'!0>^ng aLpisca>:o!><s rig^-as 
22-38 ar« respective block diagrams which show the signs! processing functions involved in executing 
respective RIvHi 



Figure 23 is an RfvHJ operational block diagram 
Figure 24 is an RMU operationai biock diagram? 
Figure 25 is an RMU opargtionai btock diagram 
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RMU operations! biaok diagram associated with DC resistance measurement; 

Figure- 28 is an RMU operational olock digram associated wiJh rrsnarnissson Sevei measure 
Figure 29 is an RMU operational bieok diagram associated wish diai tons detection; 



Figure 33 is sn RMU operations! &look diagram associated with a callback monitor function: 

Figure 34 is srs RMU operational fciock diagram associated wish a eaiibsofc hoid function; 

Figur® 35 (8 an RMU operational biooK diagram associated w8j tone generation; Figure 36 <s art RMU 
oparaiionai biock diagram associated with a ring fast: 

Figure 38 is as RMU operational bioeK diagram associated was* alarm contact eiosure: 
Figure 38 is an MAU operational foiock diagram associated wish 
MAU line condition frig: functions; 

Figures 40-44 are respective pin connector tabies which describe She functions associated wish respective | 
connector pins : 

Figure* 45 and 48 am memory map tables; Figure 47 is a fabia showing the association of input&utput bit | 

Figure 48 is a tabic snowing the association of input/output segment breakdown mnemonics with 
respective system byte/registers: 

Figures 49-50 are descriptions of respective lower and upper bytes associated with the rsgisier inputs to | 
the anaiog-to-digitai cofivartef 17 1 0 of Figure 1 7 Ax 

Rgur» 51 is a description of she data pods of register 821 of Figure 88; 
Figure 53 is s description of the data ports of register 822 of Figure SB; 

Figure 54 is a description of fhs data ports of register 801 of Figure SA; Figures S5-5S are descriptions of | 
resspsctsv® lower and uppar bytes associated with the register inputs to the digitai-io-anaiog converter 
1720 of Figure 17B; 

Figure 57 is a description of the data ports of register 1 1CiS of Figure 1 1 ; Figure 58 is a labia 1 associated f 
with fhs data port description of Figure 57; 

Figures. 80-8! contain ladies 1 and 2 associated vvitb the data post description at Figure 58; 
Figure 32 is a description of the data pods of register 1 1 07 of Figure 11; 

Figure 83 is a description oftPe data ports o? register 1101 oi Figure 11; Figute 64 is a dsscnpfson of the \ 
data ports of register 11 02 of Figure 11; 

Figure 85 is a Tabfe 4 associated with the- data port description of Figure 84; 

Figure 88 is a description of the data ports of register 1 1 03 of Figure 1 1; Figure 67 is a Tabi® 5 associated f 
with the date port description of Figure 88: 

Figure 88 is s description of the data ports of register 1 104 of Figure 11; 
Figure 68 is a description of the data ports of register 1041 of Figure 1 0; 
Figure 70 is a gassreption of the data ports of register 1042 ©t Figure 1 0: 
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Figure ?1 is a Table 6 associated w:1h the data port si«scrip6on of Figure ?0; Figure 12 is a desonpllon of 
the data ports of register 1 043 of Figure 10; 



Figure 73 is a description of the data ports of register 1382 of Figure 1 38: 
Figure 74 is a dasefipf '-art of the data pods of register 1 243 of Ftgnrs 1 20; 
Figures 7S-76 contain a description of the dais pods of CTC 801 of Figure 8A: 

"\ o >v t -s " N 't - d " N - F j 
DETAILED DESCRi PTiON 

communication and electrical parameter measurement, conditioning and processing circuits and an 
conditioning Junctions, that have been 

previously carded out by separately dedicated remote- measurement devices and metallic access devices, ; 
may bs selectively controlled from a remote command sits. As desoabed previously, remote commands 
may be sources' from a fieJd technician's fast set. coupled in circuit with a central office switch by way of a ; 
direct access fast unit and associated pair gain applique, pair gain fast control circuitry, or by w»y of a 
mairseoance administrators computer terminal, which is modem- -connected to the central office. 

in order to facilitate the description, the eonflg oration of the remote measurement unit, the manner in 
vftfcto ■" » interfaced wfth other communication equsomem of a telephone network, and its fu nationality 
have beers iiiusirated « the drawings by readily understandable block diagrams, which show only those 
specific details that are pertinent to She present invention, so as not to obscure the disclosure with details \ 
which wl be readily apparent to those skied in the art having the benefit of the description herein. Thus, : 
the block diagr am (llustrefcons of the Psguras are primarily intended to siiusirate she major components and ; 
functions of the system in a convenient functional grouping, whereby tba present invention may ba more 
readily understood, in addition, schematics of the circuit components of the respective blocks of the 
overall system architecture of the remote terminal unit of the present Invention, to be described with 

overall system architecture of the remote measurement unit of the present invention is shown as ineiuding : 
a control processor or microcomputer unit 200 (shown schematically in Figures 6, 6 and 7, to be 
described) , which Includes microprocessor, memory and associated logic and circuitry for oonfrollirtg 
system functionality and operation in accordance with commands communicated to the unit from an 
external site and reporting the results of the execution of commands. The microprocessor is operative io 
execute the respective instructions of operating system firmware that is stored in an on-line remotely 
programmable flash memory sysiem.. Also included as part of the circuitry of microcomputer unit 200 are : 
a 

watchdog timer (which is operative io reset the system in response to one or more prescribed ambisnt 
anomalies) . and a phantom/restore circuit which is operative to specify which operating system in the two ; 
flash memories Is to bo tm. Also included is address decoding circuitry which enables the processor io 
address speorftsd peripheral clevioas. 

Associated with mtcrocomputof urm 200 ss a common :c.aiion unit 21 Q. through whicn the system is 

CCITT V.22/V.2I operating standards, so thai, via a modem port 211, communications may be carried 
out at customary baud rates (e.g. 1200 or 300 bits per second) . The Interna i modem includes a 
conventional universal asynchronous receiver and transmitter i'UAFTr) for interfacing with microcomputer : 
unit 200, a data access arrangement iDAAj for a telephone Sine interface, and additional telephone line 

multl- frequency (DTMF) or rotary diai signals, detect ringing signals, carrier, caii- progress and answer- 
tone signals. Commi-srsicafton rsnst 2.10 also (nciuoos local and expansion senai common ■cation ports 212 
and 213. through eitrter of whlcn serial communication* at various baud rates (such as 1 200, 2400. 4300 : 
or 8800 baud! may be conducted. Faoh serial port has a respective universal synchronous/ asynchronous : 
receiver and transmitter tUSART • for (oierfacing with mfcrocomowter nn-t 2.00 and associated senai {e.g. 
RS-232} driverrrscelvers. 



in accordance- with a preferred embodiment of the present invention, the baud rate employed for miai § 
digital comroyrseatSons «s established by means of an auto&aud rate direction mechanism described in a><s 

pending patent application Sana! No. . by | 

yichaet Kmmdy et s#, entitled "Auiobaud Rate Detection fvteehaolsm. * filed coincident herewith, | 

assigned to the assignee of the present application and the dlsoiosure of which is incorporated ners-fn. s 

As described in thai appilcsSSon, conventional baud rate setting and adjustment schemes require ths 1 

participation of technical personnel to defer mine and then perform parameter adjustments of the confeoi | 

s^Uings of the device. To obviate these shortcomings an 'eufobaud' detection mechanism is Installed as | 

pad of the communication control software of the serial communication device's mfcrocontsc-lier, which | 

enables the microcontroller to automatically determine toe Oaud rate employed by s remote digrtal data s 
cawsiifwatai ' s dsvsce, so that ths baud rasa of the :nt©:-^f modem of the unit may be readily set and 

locked So lhal baud rate. | 

To "his end, ratner titan employ conventional haud-ssising switches through whion baud rats must be sat * 

by an ort-s:te eraftepefson. the autobaud rate detection mechanism employs a table of baud rate entries s 
(> .g. 9600, 2400 1 200. 600, 300 ; , at each of wh:on tne terminal unit's senai communication device 

{modern} is capable of operating, Because the baud rate tease is mierocxxskolSer'-resident, it :s | 

programmable, so th8tf.be tuning capabilities of ids sena; input output device may be updated tor a 

example by the replacement of a modem card capable of handling a prescribed sot of baud rates wish a | 

mors enhanced modem card having an expanded sat of baud rates. | 

Pursuant to ths e«t©fcaud rata detection mechanism the highest baud rate vsathtn the table is ihe default 

baud rate, which the detection mechanism employs when initiating a baud rate detection routine in § 

response to an incoming cs8. The routine is operative io step through successively iowsr baud rates from | 

ths highest baud rate in the course of a seami-; for the baud rate at which ths remote device is | 

transmitting. The baud rate entries of the labia are stored in sequential addresses in memory, which may | 

fas scanned by an associated soft-counter which oonirois baud rate entry access, the soft-counter roiling | 

the h ih«jt a --{\ ~>-.o a it ^enp---'* !"tn ; - M^'wiii .v^-ess- "his *t -"e'au ; f"y 

ensures thai the search will not become "bung up' on any baud tale, interna! timing for the integrated | 

RMU/MAU system is provided by a ciock/counSer unit 220 •shown schematically in Figures 8 and | 

9, to he described? . whicts includes oaoiiiators, frequency counters aod iimer ciicaiis ^iat are operative lo s 
piovica a 4.9152 MHz CPU dock, an 11.0592 mis modem ciook. a 3.58 MHz DTiVtF receive and asaSog-1 

So-digi'ai cenvarter (AOCj dock and ciocks far addifiooai components, io bo described. | 

Aiso coupiad to microcomputer unit 200 is an iopuf/outpot il/O) unit 230 {shown schemaiicaSSy in Figures | 

1 1 , 5S, 14 and 15, to he described) . which inciudas a piuraiiSy of testing and conditioning function relays | 

that ars Operated under processor con^oi to interconnect circuit components of the system in a | 

prescribed connectivity path for a given system functionaiify. Also ihdfcded are peripharai registers and | 

relay driver circuits through which ths processor controts the relays. As tM be describod the relays aiiows | 

a Sine under test pair 231 arid a monitored line pair 232 io he internally accessed by the processor. Also s 

coupled io I/O unit 230 ss a ringing signal peri 233. ! 

Analog filter, amplifier and signal conditioning components- am contained in an AC source unit 240 | 

(shown schematically in Figures 17-21, to be described) .. whtch is operative to convert dsgiiai frequencies «s 

So analog tones with prescribed electrical characferistics end required source or termination resisiors. | 

These components enable the system to generate a wide nange of yanable amplitude audio band tones | 

(s,g, 20 ■ 10 kHi: end Q - 40V, poek-to- peek) , such as DTfViF tones, test tones, ring-back tones, and a | 

circuitry vmtcn ss ojseraSve to provide CO bettery voltage for powering the ime under tost, and producing s 

variable DC voltages may be generated using a prescribed voltage reference ie.g, 10 VDCi , a d:gslai-lo- r: 

analog converter i'DAC) , a power source volfage stage, and seiectabie source resistors, so that precision s 

and IS, to be described) serves io detect 01 WF signaiiing, asteirsal | 

ciosed-contact alarms, and an off-hook eondlrlon on the line under test tor any standard subscriber loop 

length. It may also perform high Impedance and lew impedance monitoring of test Sine conditions ever the | 

monitor tine, or defect single frequency pulses employed for rotary die! analysis or phase difference | 



st 270 (shown schematically in Figures 13, 18 and 1 7, to be described; is employed to : 
perform extremely precise AC and DC voitags and current measurements on She line under test, For this : 
purpose^ measurement unit includes a set of termination resistors, precision voltage divider and current 
shunt resistor nsfmsrks, a bandpass fifes' to eliminate noiss, a precision AC - &MS DC converter, a high- \ 
speed comparator for performing quick voltage checks on the fine, an ADC for making DC 



Power for the respective unsts of She system is provided by way of a power supply unit 280. which 
rscetvas a sat of prescribed power supply voltages at ports 281 and Includes DC-DC converter sireuitry 
for providing the necessary DC voltages far powering the circuit components of the various ur&s. ft also 
couples CO battery (4SVDC) , applied to an external port 282< for powering the line. 

As pointed out above, respective schematics of the circuit components of the respective blocks of the 
overall system architecture of Figure 2 are shown m Figures 3-21 , To avoid line cluttering and thereby 
reduce, to the extent possible, the 'busyness' of the schematics, inter-oonnedions among various 
;o<-"p v "c* " v s ""-w H\" sno <n:v monmooi - o»-V 'i ^ > i>* ^udit t "> re -pec* x e or 4wv,<ng t~ ■> 
association of the respective pins of the pin banks, circuit connection mnemonics and register date post 
Identifiers are set forth In Figures 40-80 

Referring now to Figures 3 arid 4 which are schematic diagrams of the details of power supply unit 280. 
Figure 3 shows a bank of power connection input pins 301 and a bank of power connection output pins 
302, between which 3 power supply fitter capacitor circuit 303 Is connected. Power supply filter capacitor | 
circuit 303 contains respective power supply filter capacitors for each of the 

respectively identified cower supply voltages employed. So the circuit schematic of Figure 3, the various 
power supply terminate include *5VDC, +/ -15VDC, */-1Q0VOC and -48VDC central office battery. As 

chassis ground 

Figure 4 schemettcaffy illustrates a pair of OC-DC converter circuits 401 and 402. which are operative to 
provide supplementary regulated -r/-5VDC and +F- 7.5 VDC power supply voltages employed by A-D and | 
i > j r t tr if * ^ X t o nt ! nt < <n. 

operations! amplifiers 411 and 412 which are fed a sSabfe voltage t'iCVDC) applied to Input node 410, 
from the voltage reference port VREF of a digital •So-snslog converter 1720, shown in Figure 17, to be 
oesenbsd. Feedback reguiatsrsg power output MGSFETs 421 and 422 are gated by the outputs of 
amplifiers 41 1 and 412 to supply the current necessary for circuitry that draws its power from the 
supplementary +/-5VOC rails. ;Tbe +A5VDC is used primarily for ADC circuitry,) Similarly. DC-DC 
converter circuit 402 includes a pair of operational amplifiers 413 and 414 which are coupied to the 
1GVOC input: node 410. Power output MOSFETs 423 and 424 are gated by the outputs of amplifiers 41 3 | 
and 414 to supply the current necessary for circuitry that draws Its power from the supplementary 
7.8VDC rails. {The +/-7.5VDC Is used primarily for switched capaerSor filters, to-be described, j Referring 
now to Figure SA, the microcomputer unit 200 of the system diagram of Figure 2 Is scnematscatiy shown 

(Z80 mtofoprocessor-»ased) central processing unit $01, which ;s operative to execute the various RMU 
and UAU functions of the system \{o be described below vwth reference so Figures 22-39! : through which i 
both RMU Sins circuit measurement functions and MAU line conditioning functions may be selectively 
controlled from a remote command site, in accordance with an operating system stored in that on© of a 
pair of flash memory systems, schematically siusiraiod in Figure ?, that has been declared to be active or f 

<M ' ..! X -A< " >s > t s ' C ^« C, 1- > ■> 'X. Jl ,4 vi^ Sv >■ , 

07} coupled to a digital 

system bus SOS. A buffer 580 provides teciailco between a processor data oil. jPDO-PD?) portion and a 
genera! data 0:t $a0-G7$ ooriion ot \m svstem bus 6d0. 

Figure 5A tertner shows a i'phsntomfrestore; memory system selection iogic circuit 502, ino-i^diog input 
onvsn'gaie csreusi 503, whrch rs coupled to tecerve "esnecfrve phantom (PHtm and restore tRSTRt mods : 
logic levels, and a sefi'resef flip-flop 504. driven by driver/gale circuit 503, which is operative So specify 
which operating system In the two flash memory systems of Figure 7 is to be executed. The system Is 
configured to nooTtaSiy boot up si a given flash mentor/ system (system 1.! . However. s:noe the firmware | 
contained in either memory system is reprogrammable, then, when a change In operating system 
configuration is carries' out. II: is necessary to ensure that the intended oper-ating system (e g. an 
upgraded system that has been downloaded into system 2) ;s run. To ensure that this happens, the logic | 
levels of the PHTM and RSTR mode Inputs are appropriately set, via osternal modem access, io control 
which operating system will: be run (e.g. an upgraded operating system reprograromsd Into flash memory f 
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•• ( ".>i: t " he )! SU-f^r* m >(..( ' i.gk xj<. v. r, ^ 3 .? j.'- 1 ' r> „r> ,> v m «■ .ns 

s s < f «- -. >.fi << ! i x <; \ I n"> hi t x r < * d i 

above- referenced co -pood trig Schiliac! et as application. A® desenbed in that application, each of the flash : 
memory systems has a eurrioiailvo address which space which is partitioned In banks of a prescribed 
depth each. As vvSiS be described befcsw with reference to Figure 7. a respective Sash memory system is 
comprised of a pair of memory modules. .An sRifiaS portion of each of ftesh memory system contains the 
same or common operating system code, white the remainder of thai flash memory system is divided into ; 
contiguous, out individually addressabia, banks of memory. 

Each flash memory system is programmed by My resetting the entirety of each bank to ati ?s; foe 
binary state of selected ones of the memory esiis in each reset bank is then changed to a 'G\ in order to 

each to- : ^ ' ' : 

be-f«programmod bank to all Ts, and then change She binary state of cm or mors memory cells of each 
reset bank to a '0' . 

When the RhMJ system of the preset snveifcori :s :i\\W<$ configured tor installation at a jest and 
monitoring: site, each of its two flash memory systems will have been loaded vsrith the m~m firmware, so 
that the two flash memory systems contain redundant versions of tfte same operating system software. 
When the RMU is powered-up, the (phantom/restore) memory system selection logic circuit 502 wlii 
normally oaoss flip-flop 504 to set the logic Sevei on download (-DNLO) «w#of port 521 . so that a 
prescribed flash memory system (normally system 1 as default) is accessed by processor SOI . which then : 

Thereafter, whan the operating system :s to bo changed i&.g, upgraded or a previously inactive feature 
activated) , the inactive (off-line redsndant's system is modified by means of a download sequence anci fhe : 
system ss reset Upon reset, toe previously inactive system 

(e.g. Hash memory system 2) haeomes the acfcve system^ whiis tho prevteosiy actrve systom {e.g. flash 
memory system 1 ) goes off- 8ns, 

As noted above, the respective phantom {PHT5.4} and restore (RSTR) mode iogio appiied to tho seiedion : 
logic cifcuii 502 wi-i control whether -opsraSng system software that has been downloaded info the 
currency oINine flash memory systoo; {phantom rnodes or the normal system memory system {restore 

appfied. She {DOWNLOAD) O oiitpt.S (-DHLO) of flip- flop 304, which determines memory system mode (I. ; 
8, which flash memory system is to be employed} . wis? toggle. The fogioal operatsosi of dsives%ate osreust 
% ! \ f st »t ^ «■ Dr\ " hi v jc n - * t { ■> i \ Si < 

Also shown so Figure 5A is a walchdog Ismer logic circuit 508, which is gated to driver/gate oirooit 503 and : 
serves to reset the processor circuit if the *5VDC power supply rail drops to a vaioe 

loss than a proscribed voltage {e.g. 4.25-4,5 volts} . or if the procsssor falls to periodically send a write 
strobe to the watchdog timer. The purpose of logic circuit 556 is to ensure that, upon system reset or 
povver up, no write opsrsfioos are effected until the system has been allowed to stabilize. The remainder i 
C*.te s ^ ^ nte^ N is> -v (vfotCv.ofno ^» »^vts * * ^yii. <r^e ^ * « v tr ^t- >») Co K,> N ;s^te : 
of the system, m be described \rt addition, an ouipot anver . ssgnol c.onaitioning iogsc arcKst 509 Is 

~t\ ^.v^ vl 1 . „vte! ijt Wit 1 fx -tO»f W »J 1 ^isi^f'lp 

select parafoeiers. 

Shown sn Figure 58 ss a processor decs divider flip-flop 582 divides a processor clock signal PCK/2 

Figure SA schematically illustrates s memory access controiier comprised of a processor data buffer 
register 801 and an assootated address mapping look up table PROM {prograrn-riabte read only memory) i 
603. which are cescaded together to form a memory decoder 000 The inputs of tee. memory decoder 
000 are coupled via note 602 to the processor data portion of fhe system bus 500 and address bits A'i3- ; 
A1S of the address portion of tho system bus. The translation rnahix for memory map PROM 803 ss 

logic bit ;-DHLD}from sne memory selection logic circuit shown m Figure SA, referenced above. As a 
consequence, blacks of a selected fissb memory are accessed in accordance with the combination of the \ 
eight hits from decoder 80 1 on link 002, tho (- DNLOj bit on link ©04 and the processor address bits A13- : 
A16, frofn fhe system bos. The outputs of FROM 603, on isnKS §06. are empfoysd to select flash 
rnemorles of Figure 7, to be dssorihed. Via a decoder 60?", 



CXV_A0001066.0I8 



Coupied downstream of memory map PROM 803, 3 non-volatile random access memory oorUroliar chip 
80S is employed to pteveni corruption of RAM memory during power outages. Controller SOS moriiiors the | 
battery \tm end is operate* to couple a 3.8 vost 

battery voltage supplied by battery 60S - to bettery supply (VSB) pod 681 , which is coupied to the Hash 
memory to preserve Ns firmware during a power outage. A two-bit 08* switch 618 is coupled to provide a | 
manual switch capability for connecting the battery 803 to the system. Controssr &05 aiso provides an 
enable output MEMS at pott 882 for random access memory shown in Figure 7. Figure 78 shows a switch f 
labs® assosiated «;th toe settings for switch 858. 

Figure 8A further shows input/output decoding circuitry for addressing peripheral devices with which the 

set of address decoders 811. S13, 8'! 5 arid 8" 7 which are coupled via address links S21 to the addmss 
bits A2 •• A? of the system feos, and are operative to select rospectivs ones of a set of inpuildufput ports 
623 during I/O writs or read cycles, in accordance with write and read control inpats on tines 825 and 627, | 
mspectfyeiy, A write control signal on line §28 is further coupled through signal conditioning: circuit 631 to | 
condition a modem write strobe signal IVfWR. while a read control signal on line 62? is further eoupied 
through signat conditioning circuit 633 to condition a modem read strobe sjgnaS MRD. 

Figure 68 shows a tsming logsc circuit 640 comprised of gates 641-843 and fiip-fiops 644, 64S which 
provide s prescribed delay or 'wait' signal WAiT at output port 851 , which is used in association with the 
timing senate qenerated oy counter timer chip srou -try to be described . so ensure that sufficient time is 
allowed for accommodating the propagation of processor snieratpt signets that have been asserted. 

Figure 7 schematically illustrates, st 701 and 702, the above described dual flash {PROM} memory 
systems, and a random access memory (RA1V1} module 703. The first flash memory system (system 1} 




flash PROivIs 721, 723, For purposes of a non-limiting example, each memory 
it address, sight hit data device, with the address sod data fort ports being counted to f 
ibed previously. 

d oof above, the architecture and selective programming of the flash PROfVia 71 1 , 713 and 721, f 

v - v 1 >. =t! '■-.^ 0>\tvm S-vStel- Ui \i 0 1 Mfi.5'\ •» t^frtl ^ V O'vr if < 

the manner d w *j ii us h i f d to ^. h t<,n \ ukKi i i 

that application, and is shewn by the system bos connections in Figure ?. each Hash memory module may f 

VPP, supplied via link 73i , is activated at 12VOC tot flash erasure or reproo. ramming one device at a' 
time. To read the contents of a slash memory modete, VPP Is inactive at ;;ero voits. 

The operating system firmware that & stored in flash memory systems 701 and 702 Is preferably 
programmable and modifiable in accordance with the mechanism described in co-pending patenl 
spptfoation »y LMoser st ai, sted on even date herewith. Sensf 

No. . ontl'ied: 'llser-Controlied Electronic Modification of 

Operating System Firmware Resident to Remote Maasurem 
Subscriber Line Circuits," assigned to the assignee 
is Incorporated herein. 

As described In thai application, the problem o? labor costs and down time required for a crafispsrson to 
perform on-site- or factory -returned modification of operating system firmware in a remote measurement 
and lest unit are substantially reduced by configuring the firmware-memory architecture of the unit's 
micro-' ■> i 1 M ! 5 ^ < si - -- > as <. > t | s,< ■• , ' c v s th^. % p* -■ " 

system firmvsrsre of a ramots monitoring unit So be seieeflveiy, eisctfonlcaity modified, in particular erased, 
replaced and features sslecilveiy turned on, from a supervisory device (e.g. a data terminal coupled via 
m attendant modem to the central office, or via a personal computer connection to a serial port (e.g. RS- 
232 port) of the test unit) . 

Figure- 8A shows an Inpui/ouipu- corstroS/commonicailors (KSO) supervisory unit, dtagramroafieally 
illustrated as comprising a Slog 2S4C8G-hased coontw^inw chip <CTC) 801 . which has a pair of (eight 
bill paralie: I/O ports 802, 803, a moiSI-ciook pod 806. 

and s pair of full-duplex serial ports 811,812. Each of paraiiei I/O nods 802, 803 has eight, Individually 
configurabie read or write bits. Wher; employed ars rrsad inputs, teasrs b:io may he configured to ^nitrate 



interrupt routines, infernally, CTC SOI comprises four presetabte, «§ht bit counters, which are employed : 

communication dover/recs-lver 820. The functions of counter/Smsr cr»p 801 are listed rn a Counter 
Functions Tsbte snown m Fsgurs ??. Aiso snown ** Fsgura SA is s ciooir divider fi!p--fiop 851 which 
subdivides a countehfjnisr ofoesc to prevlds a fifty percent duty cycis clock signal. 

Figure SB shows read port registers 821 and 822 associated with eight srsd four bit DSP switch 831 and 
accordance with the DSP switch fables shown m Fiuurss ?9 am} 80- 

Figures § schematically siiusfrafes a set of four courttetflfrmr chips rCTCs) -.801. 902, 803, 004. and 
assocsated caupisng: logic cifouiis 007, 90S, each counter having four interns: sight bit counter channels. 
These eounte®timer chips are employed as scheduler timers time interval coumets. puis© counters and 
dock generators for various system functions listed so tha Counter Puncfions Tafate of Figure 77. The four : 
counter/timer chips 901-804 «od couoter/tt"«i«r chip 801 (Figure 8A) are connected in a daisy (town 

Figures 8 and S, from highest to lowest priority inlem;pts. the count*? units are connected in foe order: 
901 - 002 - 881 - 003 - 904, Associated with the ilrosr/counter chips are respective selector logic circuits 

among the CTCs for tone and timing signs! generation, such as that employed for rotary pnise generation : 
and capacitance tone generation for capacitance measurements, to be described. 

Figure 10 schematically illustrates the circuit conjuration communication unit 210, through which the : 
system Is interfaced with externa! communication links. Communication «n:t 210 includes m cm-board 
modem circuit 1 00 1 , such as a Bell 2 1 2Ar1 03 modem, having an internal UART, as described above, for \ 
Interlacing with processor S01 (Figure 51 Modern 100 1 Is driven by en associated 11.0592 MHz osciiiaior : 
1 003, and has 3 seiectaoie baud rate of 303 or 1 208 baud, so that, via modem port 21 1 , communications : 
may be carried out at customary baud r ates of 300 or 1200 bits per second, for data access for a 

soild state reiay K; to modern tip and ring ports 1011 and 1012. A ring detect circuit 1015, including opto- : 
isolator 1016, -s coupled across tne modern tsp and ring Unas 1013 and 1014 and has sts output coupled 
to a ring detect input port 1021 of modem 1001, if a legitimate ring signal is detected, a ring detect logic 
level is asserted at ring detect input port 1021. Modem 1001 signals the processor by means of modem 
Interaspt outputs on port MINT to CTC 801, A buffer 1 071 prcvldas a transceiver- Interface between the 
processor data portion of the system: bos Also shown in Figure 10 ;s a set of (threes write pod registers 
104 5 , 1042, 5043, the O Inputs of which are coupled te the system bus, employed for foe control and 

write ports 1 1 01 • i 1 08 and associated reiay dnvers 1111 - 111 8 for setting up test functions of the 
system. Write ports 1 101 - 1 108 are composed of iaichss which store data assorted on tne data bus each : 

pad, the write hits are used to control the relays for establishing the requisite test parameters; described 
below. Aiso shown in Figure 1 1 la an addlffonai register 1121, an upper four bits of which on link 1 1 22 are : 
employed as a read port, with the lower four bits on link 1 123 being used as a buffer for digital signals 
employed for tone generation As noted earlier, register tables in which the respective mnemonic 

?8. 

are selectively switched In circuit with a set of input terminals 1205 to which various AC signals from She 
te d^ ! >ciiifoi Oi if muds-n • t nolr 'iiiv Mur* nc n v r are coupie i tiv* outfit it if an srs^e- stags 
1201 is coupled to a detect (OET) output terminal 1207 and to a OTMF rsoeiver 121 1 . output posts 1213 \ 
of svhrch are counted to the system bus for application to the KIO CTC 801 of Figure 8A, referenced 
above. OTMF receiver 121 1 *s driven by a 3.58 sViHe oscillator crystal 121 5, which also provides the clock ; 
SfViCK for the system anaioodo-dtgife: converter (ADC) , shown In Figure 17, to be described. 

the open or closed condition of contact 1226 of an alarm relay K?. Figure 12C schematically Illustrates an I 
off-hook detection comparator 1231, which is coupiad to an off-hook dated (OHO) input terminal 1233, to \ 
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compare the monitored current with a threshold \q determine whether the suosorioer equipment under 
test is off-hook. The logic level of off-hook port 1232 ss monitored through CTC SOI to determine whether 
ths fins is o!T-MooR, Figure 12D depicts a bank 1241 of tight emitting diodes 

(L£Qs> . whiten may fas pane:! or board mounted, and serve to provide visuai status information to service 

LEDs of the bank 1241: are seieeiiveiy energised by processor- eoarceo* drrve inputs to an « LED drives 
register 1243,. which lis coupted to the system bos, as showa 

Figure 13A schematically illustrates components of measurement onrt 270 ; which performs extremely 
precise AC end DC voltage and current measurements. Shown at 1300 is a phase detector unit which is. 

audio tone and a line response 

tone sssocssrad with the m&ssuram&nt of the capacitance ot tne telephone \\m, as dssersp&d in co- 
pending application Serlsl: No. . filed coincident herewith, by Atex Knight et al entitled: 

"Phase Differential Measurement Circuit," sssignea to the assignee of the present application arid tne 
disclosure at which is heroin incorporated. 

As describee; >.n that application, the phase differential n 
messuremeru ssne wave signals into digits! format and preprocess 

1301 and 1302, to which are respedlvety applied a reference fens Signal {e.g., a SO Hz tones (SIRT) , | 

" - I'lkftr.* v< MR? a c In w c\ 3 gri„ S'O "Sir ^r !y , c\ t> ~u r< .i- ^ ^»cv xl : 

conditioning circuits, comprised of cascaded high gain amplifier stages 1303 and 1304 and comparator 4 

circuits {305 and 1308, respectively, which format the reference tone sine wavs signal STRT snd the lins | 

response signal STOP «fo first and second square wave signals. These first and second square wave | 

signs:?, are applied to a tirsiexclusiva-OR circuit 1310 and to first and second divlde-by-two %s-fiop | 

circuits {31 1 and 1312, respectively. The d<V!«8-by-two flip-flop circuits 1311 and 1312 produce third and 4. 

I ^ : I <: < *:y ! U • ! ! \ i tft I i o ! I 

second square wave signals | 

The output of" the first excinsive-OR circuit 1310 comprises a pulse train the duration of each pulse being | 

representative of a respective haSf-cycie phase difference between the two sine waves. This hatf-cyols- | 

phase differential signal, although having greater susceptibility to noise (e.g., 80 Hz hum) than a full-wave | 

signs!, has the advantage of providing twsoe the- number of phase differential pulses in a given period of | 

time of what a full-cycle signal can provide. | 

Ti>» sugars t,va\ss$!0.nai outputs of %-fops 5315 a "id '3U ase applied to a second »^ciu&-v«--OK ctcon | 

1 320. the ootpu-t of which comprises a series of pulses, with each pulse being representative of a | 

respective fuii-eysie difference between fhe reference end line sine waves. The fuit-cycie phase | 

differential signal although providing a coarser mas&ursmsnt of phase differential than a' half- ways | 

signs:, has the advantage of being more stable and Jess sensitive to DC offset Shan are half-cycle | 

The output of each of sxciusl ve-OR circuits 1 31 8 and 1 320 is coupled to first and second inputs 1 321 . | 

1322 of a multiplexer 1325, the output of which is coupled io a delay stage 1 327. Multiplexer 132S Is 1 

ooiiSfoiiad by the con'rel procsssor vsa centre! input hnks 1326. to sslact which of esetusivs-OR circtists sj 

1310 and 1320 w>if have its output coupisd to the output of mulfipieser 1325, "The output of comparator | 

0 s t-xs°-< =; i«^o ^Mf^-'S'i mrfc h"^ ~o r> ^hiO 1 p, ^-tSv^^-l 1 " - j 

output of iead/ias fitp-fiop 1 33 { prowdss a tog^ai iavei output s:§nal i-LAG) reprsssnfairve ct wnsthaf the I 

phase of the first square wave signal STRT ieads or lags the phase of the second square wsve signal 1 

STOP . " 1 ' 1 

The PCMT output of stage 1327 on tine 1337 is coupisd via the system data bus to the tlminoicounlsf | 

chip 301 of Figure SA. which counts the numbs? of pulses on lioe 1337. Over a prescribed count average 4 

then for a given capacitance and measurement source resistance, the PCNT pulse provided an inrJIsahon | 

of capacitance value measured. For the same valued source resistance and larger veined capacitance. | 

produce an output voltage having a freoyeoey that is defined by prescribed oomhination of a plurality of * i 



17, The configuration and operation of such a tone generator circuit as may be enipioyed for tons | 

Serial Mo, , colncsderiiiwewiff:. by Richard VVaiswodh at a!, entitled: ^ogrammabie Source for s 

Supplying Controliaoiy Vsnabia AC/DC Voltage Output for Telephone Line M&mimmmt Apparatus," | 

assigned fc> the assignee of the present appiicaflon and the drscsosur* of which is herein Incorporated, | 

As explained in that application, the output DOUT of the QAC is a processor adjustable DC voltage \n the | 

eiru >t j J tef v. ■» » ^ti^nstvf v i c\ e ^ f 9 ^^pisso ^^»!v-» % ewt | 

a sw8cb bank 1351 , which eontroiiabiy interrupt the output voltage provided by She DAC to the DOUT | 

accordance whh a pf 'ogrsmmed selection of one or mors of signal waveform inputs FRQ1 -FRQ3 s 

associated wiih respective* square waves provided by timcr/counier chips of Figure B. described above, | 

arid supplied to switch drivers of bank 1351 via foput links 1353, | 

The outputs of switch bank 1 SSI are coupled to respective input resistors 1355 of a un8y gain inverting | 

summing amplifier 1357, the output of which is a muitl -frequency signal composite AC signal waveform | 

*0\' )l ,i. t ■> -h r i'Ci h„ 1 ' O Vv ^ R » O J; OK ^ i! t i.i | 

so that odd harmonics may be excised from the fundamental frequency of the composite AC waveform. | 

The output of the switched capacitor filter is then applied to an adjustable smoothing filter stage, 'wr»cb | 

removes 'stairstep' transitions in the waveform associated with the operation of the switched capacitor | 

filter and fakes out the DC component. As wish the DAC and signal waveform generators, operational | 

panainstefS of each of fee switched capacitor filter and adjustable smoothing filter are digitally | 

programmable. The output of the smoothing filter Is coupled via an inverting amplifier stage through a | 

coupling resssfor and nilcroconfroSSer--«r:vsn switch to a {mum-frequency} tone drive output port. As Will be s 

described, the tone drive output port provides art AC tone signal that oars be selectively applied single- | 

sided or | 

diffemnSally to the ftp/ring portions of the telephone line of interest. Trie AC tons signal may also foe | 

applied to a high performance output amplifier stage employed for capacitance and resistance | 

measurements. Rgure 14A schematically illustrates testing and conditioning fs.:nc!son relays of input.: s 
output fi/Oi unit 230 that are operated under processor control to interconnect circuit components of the 

jpres b>»v. i ••ef t\ t at !ua^v<? hj (. \ I _ =t v ^ vs i e j ..nd | 

ring mput ports TTIN, TRIM of a test pair are coupled through an Input relay K2 to an protection circuit | 

1401 that contains respective fuses 1403, 1404, resistors 1406% 1406. end vsnstors 1407, 1408. coupled s 

in circuit with the ««e, as shown. A reiay K3 {associated w:th metallic access functionality) Is coupled s 

across resistors J4QS, 1406, so that these resistors may be eontroiiehiy shorted. | 

A relay K4 <s coupled in oirciilt with me fip and ono, lines 141 1 and 1412, respectively, so that, when | 

oper aied. relay K4 causes the fip and ring connections to be reversed, so as to allow either line to be | 

measured, Reiay KS is coupled to lines 1413 and 1414, which a.re coupled through relay K4 to the tip end | 

hng paths. When operated, relay K5 shorts tip and ring together (used for both measurement and | 

conditioning functions) . Relay K6 is coupled to tip and nng patfts 1411 and 1412 and to a set of precision s 

(stable over time and tsmpsrstum) diagnostic capacitors 1421 1422 and 1423, as shown. Operation of | 

capacitance measurement circuitry Is operating correctly may be determined. | 

^•nO o ' f 31'^ f - 4 i 1 >-r* ^3 'i>a i "» ro > \{b' s „sr i f b ^ ' <. h h U | 

and hug lines 141 1 , 1412 for temperature measurements. Reiay K9 is coupled to eontroiiabiy bridge the | 

tip and rsrtg paths 141 1 and 1412 with a snuboer circuit comprised of resistor 1427 and capacitor 1428. so s 

K18 :s coupled to confrofehiy short tip or hng to ground, as shown, Releys Kl2. ' " s 

K13, K14 ere coupled in oirciilt with respective resistors of a resistor network 1431 . and ere opsi'etive to | 

contfoliabiy coupled a selected roeasuremenS source resistance in cvourc wish Sine DSRC and Sine 1414. s 

Relay K.J5 is controiiably operative to allow She test pair to be connected to external tip and hng Sines | 

^ 3i (ft i i in ti iri one t<t j^u Hi - * - ' *ov> _ rc \ \i f - -> | 

'iv. „d fv, t ^ i ^, r""1 j j s v " ^u t " " 1 -^c t be o ■> k ^ <.w \ >ltv | 

*" sc i ill i 4e > mi i! > » vrr -t t n " liv m dn j h ► -"i 

is operative to coy pie test pair signals applied fo a tip and ring test pair 1501 of a line under test to a test | 

pair isolation transformer 1S03, the secondary of which is coupled to output line 1505. A relay K18 is | 
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operative to coup?© a termination resistance. the value of which is defined by the corstroiied energization | 

of reieys K1S and K20, coupled tt» circuit with termination resistors ISO? and 1509, m circuit with either | 

the secondary oftramfcrmsr 1STJ3 or dtrectiy across the test pair hp and ring Sines 1 51 1 and 1512. Relays * 

K21 and K22 are coupisd sn arcuS with rsssy Kii of Figure 148 referenced above, srsd are operative to s: 

provide muftfenction test signal- routing capability to or from urn test ami monitor bp and ring ssats. as will ti 

be described. Respective tip and ring snput pons of a monster pm TM0N. RUOH are coupled through a s 

monitor 8ne protection: circuit 1515 fhat contains respective a fuse 1518 and a vsrlstor 1517, coupled in | 

circuit w6t a monster parr solid staie relay X23 and a relay K1 S. which is coupled to a monitor pair a 

Isolation transformer 1 520, Also, an overvoilacj© circuit 1S3Q. composed of Zenar diodes 1531. 1 532 is s 

coupled between secondary line 1535 of transformer 1520 and ground Secondary fine 153-5 is coupled to | 
relay K22. referenced above. 

Relays K24 and K2? are operative to couple CO baftary voifags to the test pair TTIP and TRNG, on Sines | 

1541 and 15«2, respectively. Relays K25 and K26 are controllasly operative to | 

couple respectivety different (externaliy applied) ringing signals and RON2 !o lest lip line 1541, as | 

Av " i^Vj^Ovv C»">tW *.stt ''v.'HJ n <=" ^ ^t^bO ^V^i'^iihu!! mi x. | 

the output of which is coupled to output port 1 561 and is employed to measure AC signals from ssihs; the s 

test pair or the monitor pair without introducing noise onto the line under test. | 

Figure 16 shows voltage and current rneasurernenf. circuitry employed for remote measurement AC/DC | 

voitage and current measurements. For voitage meatsurerrsents, a 10 megohm realtor daflder network it 

1601. comprised of a ohm resistor 1811 and a set of decade-divided resistors 1812, 1613, 1814 and 1 
1616. is coupled between line 1802 and ground. For oenenf measurements, a IK ohm rector divider 

network 1609. comprised of a set of deeade-etivided ra&tstors 1605, 1608, ISO?, and 1808. is coupled | 

a range of input voltage values that conforms With the input range of an attendant analog-to-digital | 

converter from wmcb digital values are outpul tor analysis fey the control processor. | 

Relay K34 is operative to eorifroiiabiy select: via a control signal on input pott i~W) , whether a voltage | 

mad* She test tip input (TTiP) is coupled to <sx.srent shunt resistor network 1808. Where a voltage s 

roeasuretnent is to be made «se test tip inoul f TTiP) ss coupled to voilags divider roslslor netwojlc 1801. s 

contfoilably shan the 8M ohm resistor and thereby seiect foe 1 U orirn voitage divider configuration, whiie s 
relay K3Q is awpl<sd in circuit mm lines 1803 and 1604. so as to corrtroiiabiy bypasss the m otirn roslslor 

and shod the 800 ohm resistor, thus seisofeg the 100K ohm voltage divider configuration. Relay K31 is | 

conlroiiabty operative fo place a prsscriosd compenaabon capaollance 1820, formed of capacitors 1821 | 

of canceiing out loss due to parasitic capacitance, ana is also used in a dsvide-by-ten range of AC voitage s 

Relays K32 ; K33 and K5S are circuit path directing relays which are cpnnecied to provide various circuit | 

) h f i ti (if !. Tif f sC foR t h i.fk U! O * 11 I 

network 1608. Relays K35-K4S are coupled In circuit wim the respective decade-divided resistor sections | 

of resistor networks 1601 sod 1608. and are operative t» oonlroiiabiy select different voltage or current | 

fhrorigh the vosage divider or current shs^nt resistor networKs to an outputs on line 1830. or an external s 

described, A reslstar-capecitor network 1634 provides a prescribed amount of isolation (absen t | 

attenuation) to protect dovvnstfeam measurement circuitry (Figure 17) . Also shown in Figure 16 are test | 

various measurement functions to be described, figures . 17A schematically Illustrates the circuit | 

configuration of that portion of fhe measurement unit 2?0 which contains a precision AC- -DC RMS | 

converter and an anaiog4o~dlgital converter (ADC) for making DC measurements: Figure 17B shews | 

digital-to-anaiog converter circuitry; figure 1?C shows a high- spaed comparator for performing quick ti 

voitage checks on the iine; and Figure 170 shows a tone generator amplifier. | 



arly. Figure 1TA shows an AC-DC RMS con vs iter, wbicfj provides a OC output voltage 
matching the AC RrvfS input and comprises a DC-DC converter chip 1701 having an input terminal 1?i 
seisctively coupled through relays K42 and K4$ to Input iermlnal 1705, to which output terminal 1832 : 
^ 5 ii '\' "U <t ijiVV a; I" p'j<:.Mt^!ih -mh> xi «^ DO " I hs t i ; c, \ - • t - . 
ADC 171S. The voitage reference for DC-DC converter 1701 is derived from a potentiomelor -controiie 
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voftage reference circuit i70&, for adjusting the accuracy of the R&SS-DC wxvmstiot* performer! A DC | 

voibsge on 3 sine under test h cowpied via input | 

post 1709 (DT!P) to ADC 1710. which is operative to measure DC input voltages, whte tittering out 60 Hz | 

h^o* ' 'V shows a dig-fai-ie-os^u eg conxertef „h c (UAO ' ,'J0 naw>g is voitage feten?no>? denved nom 

a potentiometer- controlled voitage reference circuit 1 707. for adjusting the accuracy of the converter. The | 

output of DAC 1 720 ss coupled through a currenMo-v'oifage translating, buffer stage 1 ?33 to a unity gain, s 

inverting buffer stage 1 733 and to a reiay K.44. The polmty of the output voltage protJuced hy OAC 1 ?'20 s 

ss determined by the circuit path through ratety K44 • either from the output of buffer stage 1733 or through | 

cascaded unity gain inverting buffer stags 1735, | 

Figure 17C shews a high speed comparator circuit 1731. which siSows the voltage on the tins., rotative to a | 

programmable threshold, to be mad rapidiy, and may be employed for dial ton® detection. The operation | 

cf such a high speed comparator circuit is described in detail in the above-referenced co-pending | 

Waiswottfc et al an plication. | 

As described if; that application, when testing or monitoring the line the anaiog values of monitored 

parameters cf the telephone tine are digitized by the analog-to-digital converter, so that they may be read | 

1 • i otlii of n\ nt i" 1 K ^ =cv ^«tn= \i,frx >i fk '\~C17 *!t k o | 

established, the output (DOUT ) of the OAC 1 720. shown in Figure i IB, is ooupied to a first input DOUT of * 

comparator 1731 . A second input CMPf is coupled (vis a unity gain buffer amplifier 2001 and pain through | 

relay K52, shown io Figure 20} to the AOiN ponton of input port 1709 of AOC 1 710. Comparator 1731 i* s 

operative to provide an output signal DTD on output terminal 173B indicative of whether the input of the s 

ADC 1710 exceeds the output cf the DAG 1720, ii so. the processor responds by ire rued lately changing | 

She sensitivity range of AOC 1710. As shown In Figure 17B, the threshold voitage level QOtlT for high | 

speed comparator circuit 1731 Is eoupSed thS'ough relay K44 from the output of DAC 1720. Thus, the | 

polarity of the comparator's reference voltage Is determined by the circuit path through relay K44 ■ either | 

from the output of buffer | 

stage 1733 or through the additional inverting buffer stage 1735, | 

Figure i?D shows a tons generation driver amplifier circuit | 

1751. coupled to receive a tone signal TONE on Input terminal 1753, from a switched capacitor filter so | 

Figure 19 fo he described, sod provides an amplified fane output at TORS port 1755. | 

Figure 18 schematicaiiy shows the circuit confign ration of a discrete output power amplifier circuit.- which | 

is operative to provide AC voiltag.es employed in capacitance measurements and DC voltages used in | 

resistance measurements. The use of the output power amplifier circuit tor sourosng AC voitages {for | 

capacitance measurements} is described in deiaii so the above-referenced oo- pending Watsworib ef al | 

sppiioatton, | 

As shewn in Figure 18, the output power amplifier is comprised of dlffefeoilaSly connected. Daillrsgton- | 

configured transistor pairs 1S01 and 1802. the common emitter connections of which are connected to a | 

bias current source 1805, Darlington pair 1801 has its base input 181 1 coupled to reiay K.45, white | 

Darllngtori pair 1802 has its base input 181 2 coupled to relay K48 For AC voltage generation, respective | 

unity gain control inputs UON1 and UQN? are applied to reiay oonrrol ten^lnals, so that the amplifier is | 

operated as a unify gain amplifier. For DC voltage generation, the relays K45 and K45 remain | 

•< n i sn >.onn ton i oofgn)-i)->n sfei n si " "■>>"> " " \~ 17 " F m > 7" 5 

spptied through a uesfy gasn buffer ampiifser 1807 base node 1811 of the amplsfier csreust. In Irs itiustrated s 

The coiiector ooae 1831 of Oarilngfcsn pasr 1801 ss coupied to a transcoiiductance amplifier 1833, the «s 
output of which ss coupled to a push-puil Class S output ao^*«r stage 1835. The output of push-puSS 

amplifier stage 1835 is derived froro output terminal 1837, which is coupied over line 1839 to relays K47 | 

end K4S. whion provide .ACrOC voitsges )» !t>e respective nng TRN<3 snci !ip TTIP portions of the tear pair a 

and to source s'ssistanos and capacitance output ports m accordance with the mode of operation of the | 

system, as wiii be described, | 

t-^ { r v i !-k - > in t s < s t-\ ^ S ■> >K , - «. I ^ uO/m 

{tone} tlfler 1001 is shown coupled to a muifi-frequency tone generation input line 1803, Fitter 1801 may | 

comprise art eighth order Bessel tovvpass filter chip, whsch is operative to convert square wave inputs on | 
oe ' i>0 > to s -e as b> v s jt vdd ^an i ws <scs } he outp'-'^ ot the ;s „ joc eg to a t QHk output 

line 1905. and to a switched capacitor stage 1910 . comprised of a switch bank 1912 and an associated | 
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smiitf-e^pacitor stage 1914. which suppiies seasonal capacitor tiltennp, to a bandpass switched capacitor 
filter stage 1920. 

Also shows fa Figure ISA is a bandpass switched capacitor filter stags 1320 is comprised of a fourth 
order universal : filter, such as a Chebyohev hsghpass iSw« stags 1822 coupled in oascede with an aightt 

cutoff frequency (a.g, on the order of 100:1) . These filters am employed to ensure that line 
messursfflsras- are precisely conducted (e.g. removal of noise, reading cisai torse) . figure 1-93 shows a 
selectable resistor network 1850. employed for source resistors for capacitor measurements, eosepdsi&d 
of respective different vaiues resistors i95M8f>t whseh are coupied in circus wrtn relays K4& and K5Q 
Relays K4S and KSO are controllaoiy operated to place a prescribed resistance in circuit with ports 1861 
arid 1862 for capacitance measurements. Also coupled in circuit with port 1961 and 3 reference port 
ST RT , i * signas ceridifcomtv.! Circuit 1988 employed tor icapamance measurements (The Si RT port 
corresponds to she reference tons STRT desonfced above with reference to the capaestsnoe 
sent phase differential measurement unit iilustrsfed In Figure ISA.) 



Figure 1SC shows a buffer ampler WO having a potentsometer feedback resistor 1971 which is coupled a 

In circuit with the output of and is operai>V» to compensate for She loss through monitor paif transformer | 

paths of Figures IS and i?C in ' " ' ' "* s 

particular, an operational amplifier 2001 Is couples as a high impedance input buffer for the high speed 

comparator 1731 | 

{described above with reference to Figure 17C) . A buffer amplifier | 

2002 has a potentiometer feedback path 2004. which is coupied m csrai>\ with She output of and sss s 

operative to compensate for the foss through lest pair transforms* 1503 (Figure 15} . Buffer amplifier 2010 a 

is coupled tfi circuit with the high impedance monster stage 1560 ?Figi»m 155 to provide an overaii gam or * 

unity. | 

Relay K51 is coupled in dreuit with a pair of (100 ohm) resistors 201 1 and 2012, and is controllahly | 

K53 are coupied to route various signals to the voltage divider end current shunt networks 1801 end | 
•80S. respeofiveiy. so Figure 18. Raiay K57 is eontroiiabiy operative fo piaos a tes<stor 2020 «tcf»ss the 
^ u o* :-v ^ o,. ' t s -- <\<-> ih:, ; i*, 

empteved for metallic access conditioning applications. In paitcolar, srrsgie sided AC signals to he applied s 

Xs^ei ei^pfit-"- *.i> ? m<r o.-'p.-tff ^hrn :s coupled though a p„?h-cui! stage CSOiS'o as- <xiput temtina ; | 

reiay K54 is operative fe eontroflsbly coupie the AC signs! output of the first stage 2102 to tb« tip | 

portion of the test bus. | 

^ ! ii lO\ JliMiOth ( t)K -v ~ " * -° 1 ° » d 3! I 

stage 2112, ha ving a buffer amplifier 21 13. the oulpuf of which is coupled through a push-pull stage 2115 s 

to an output terminal 2117. Output terminal 211? is coupled ti> relay K56, which is operative to | 

the first, ampiifiar stage 2102. but shifted in phase by ISO degrees} to sing portion of the test bus. Thus, s 

whan used together. She two ampiifisr stages 2102 and 21 1.2 | 

are operative to provide a largo amplitude, differential tone across tip and nog. | 

Also shown In f igure 21 is an amplifier circuit 2120, which is operative, in response to a control eigne* si | 

Input tannine! 2122 from timeo'counter chip (CTC) 801 of Figure 8A, to generate 3 12VOC pnc^refrsmlng | 

voilage for iho flash rnemory devioss of Figure | 

7, described above. | 

schematically shcwrs in detali in Figures 3-21 Is capable of performing both remoie measurement unit | 

(RlviU) and meiailio access unit (MAU) funsllortalltv', each of which may he individuaily accessed and | 

controiisd. The RMU performs mechanized ioop lasting ifvfLT j tasJcs. wnsie the MAu imparts prescribed s 

eiecfricef conditions to a specified line circuit The operating system software through which each set ef | 
systeiY: tunctsonaiify may be conir-oiiably e^ecufed by oonrroi procrsssor f.-Q1 {Figure 5; is sfored tn the 



quas; redundant -gash memory systems 701 and 702 of Figure 7, In the description to follow, various RMIJ | 
test and MA.U conditioning: routines, and the manner in which ths above described circuit architecture is 
controlled to accordance wito the operating system software stored in the currently active flash snwwy 
system to execute such routines, will be sxplarned in detail. 

RMJ OPERATING SYSTEM When eontroiiahiy accessed to opiate as a virtoai RMU. toe system 
responds, to: instructions from a command site {loop maintenance operations system) and pertonm single- 1 
8«» etemartd testa on a Sins provided by a pair gain system. A non-1 Uniting example of a pair gain system 
that may be employed for this purpose 's desonbad :n the Canadian patent So A. Chan a> ai, ersirtied "Pair |: 
Gain Applique," No, '■■ ,295. ?S8, Access to th® system may bs effected by a modem Br»k with the central 
office, ernptoyrrsg a modem Interface communication protocol used mechanized 'Oob testing system to 
t o f n < 1 * , <*, i \'\ ' ■>! , ,, K ^ 

in toe circuit architecture m& software mat controls the operation of such circuitry includes the ability to 
■» •" \C "> d X 1 , !^ t <n" i , , nt w t t ^ s o« tin o vict ^ > >c ot , ■> p =nd 
ground, nag and ground, and tip and ring) . The RMU is also able to analyze rotary dial pulass, dial tone, | 
and dual tone rrsuitMresiuency {DTW) tones, it can also measure signal transmission levels, generate; 
tost tones, and a8ow tost psrsonnsi to establish callback and aitarnativsiy monitor, apply ringing, talk and | 
perform taste on a separate telephone line. Each of these test ©aeabmfees '-mh m desotsoea am/tawm 
beksw. 

in order to facilitate the description, rather than detail circuit flow paths through the detailed era* a 

which show the principal circuit components of the system architecture described above for the operation | 
of !otsresi : will be rdererscsd. Details as to the actual participation ol individual components ot to® circuit i 

v. s. „ a ^ u (O^it 1 Or i !i P <.»$!„, u ... :• » 

from She schematic Figure numbers given in the respective RMU testtoieasurernant operation bksdi 
diagrams, ol Figures 22-38, 

1 . DC Voltage Kfessursment (Flcmre 22} 

A DC voltage measurement measures OC voltage conditions presented on the tost bus, The conditions 
can be internally generated or they may be presented externally from the outside line under tost via relay. | 
For this purpose, a shown m Figure 22, at 

2201, DC test pair voyages (e.g. -ip-ground or ring-ground; are brought in through she input conned/ 
protect relay circuitry 

(Figures 14-1$) , Via a path 2202 through toe test conditioning relays (Figures 14-15) < the test pair 
analog voyages am steered to the 1/f J/19 1:100, or 1/iOOQ segment otvoiiag* div^lar network 2208 
(shown at 1608 in Figure 1 8) . At 2204, toe divided snaiog DC voltages are read by the AD converter 
(1 710.. Figure 17A} which, in turn, sends digital data representative of the measured analog DC voltage to | 

2. AC Voltage Measurement (figure 23) 

conditions presented on the lest bus, and requires that the signal be routed the AC/QCRMS convert®!" 
prior to being coupled to the AO converter, where the voitage is reed end digitized. ♦Mamely, with 

test pair voltages (e.g. tip-ground or ring-ground} are brought In at 2301 through the input relay connect; 
protect circuitry (Figures 14-15,* Via a conditioning relay circuit path 2302 (Figures 14-1 5), they are then I 
steered to toe s/s, 1/10, 1/1 00 or 1/1000 voltage dfvtder network 2303(1601, Figure 16} , The divided 
analog AC voltages are then coupled at 2304 to the RlVtS/OC corrvertor (1 70 1 in Figure 1 7A) , whlcti 
translates the RMS voitage to an analog DC voltage. This analog DC voltage Is then read ai 2305 ay the f 
AD converter f 1?1 0. Figure 1 7AS . which in turn sends dlgrtel AC voitage messursmsnt data to trse CPU 
(501. FigureS). 

3. DC Current tVteasurerrtent {Figure 245 

Both OC and AC current measurements, are similar So voitage measurements,, except mat the previously I 
describee* current resistor necvork :& empioyed in i:au ottne voitage dsv-der ns^istcr network Mors 

pair currents (tip- ground or nng-grounb} are brought « | 
;t olreuISp/ (Figtires 14-15) , and steered ai 2402 via the fast f 



15} , to the JK, 100, 10 or 1 ohm current shunt resistors 2403 {ofcwtent shunt network 1608, Figure 16} . | 

The resulting analog DC voltage, which is used to calculate current, is read at 2404, by the AD converter | 

(1 710, Figure 1?A) . The digital DC current measuremer^epresentative data output by the AD converter 1 
is then sent to ihe CPU (501, Figure 5} , 

4. AC Current Measurement (Figure 25} 

For AC euneal measurements, test pair currents (tic-ground or ring-ground) are brought in, si 2501, 
through She input relay cmmtMptotest circuitry 2501 (Figures 14-15} . and steered at 2502, vis test 
conditioning relays (Figures 14~1&T to She IK, 100, 

10, or 1 ohm currant shunt resistors 2503 (of shunt network 1 609. Figure 18) . At 2904. the respiting AC 

RMSjOC converter translates ihe RMS snsiog voiiage So a OC voltage that is read at 2505 by the AD " I 
converter (1710, Figure 17) , in turn, the AD converter outputs digital AC current maasursrnertf- 
representatlve data to the CPU (501 . Figure 5} „ 

5. DC Resistance Measurement (Figure 26) 

There are feres- respective DC resistance measurements that may be conducted, respectively associated | 

measurement to be performed, a respectively different resistance measurement condition is asserted fey | 
ihs processor. Specifically, in response to a prescribed digital resistance measurement input code from 
the processor, at 2601 the digit^-to-analng corrvedar 

(DAC 1 ?2Q, Figure 1 7B) generates an associated analog DC voltage, 
18} , where it is amplified and men fed at 2003 through i K. 1 0K, 

TOOK, or m ohrns of tne source resistance {143 ;, Figa^ 14A) and applied at 2604 to one side of ihe test : 
pair' through the test conditioning relays (Figures 14-1 5) and at 2805 to too input relay conns ci/praied 
circuitry (Figures 14-15} . During DC resistance measurements, sSepsodirsg on MLT command 
parameters, that stda of the test pair not being souread with ihs DC measurement, voltage ss a$ter open, 1 
shotted to ground or shorted to the other side of the test pai r, vis the test conditioning relays (2604), 
while, at 2808, tip-ground or ring-ground voltages are divided down by She voltage divider network (1801, | 
Pig -f -isrr rear sf2 f 0" b\ the AD ronveiter ^'7 id, Ftgi 1 "V vxivcb >n susn s-^nds the oato to "he | 
CPU . SO 5 Figure 5> Tfw process** men e.drapc«:ries ihe d»fte>enual or 'doit,-' resistances on the lest 
pair from this measurements data, taking info account the source voiiage and source resistance used. 

6. Capacitance/AC Resistance Measurement (Fsgure 27} Capaostance measurements are conducted by 
applying a prescribed test tone (e.g. SQHz) to the line and measuring phase 

delay between ihs source and the effect of the fine on the tone transmission. The ions signai is applied 
for three respectively different conditions of the test pair (corresponding to those described above for 

configuration. The resulting measurements are than processed to derive a differential capacitance. 

For this purpose, at 2701 , a 30 Hz signal Is generated by dividing down the processor clock through the 
timing/counter chips (CTCst tone counters (shown at 901-904 in Figure 9; , At 2702, a respective tone is s 
selected by the tone generator (1330, Figure 138) and the amplitude Is determined at 2703 by sotting too | 

*. --Vf-ef^ " \ v - j - ?^ ~ ( ^ 7"> ^ ->"OC "St O-VO^StitO "fvi t"- "Ou V, " d"^fV THIS 1 

digitai signal is concerted to a (30Hx} sine wave by toe iowpass fitter olrcultry (1001, Figure 19A) - and is | 
smpliHed by ihs- tone sropiifisr circuitry (Including lone amplifier 1 751 , Figure 1?0 and power boost 
amplifier 2 1 02/21 1 2 of Rgure 21 } , 

At 2708, the amplified tone signal is selectively coupled from ihs power hoqsl amplifier circuitry through 
the capacitance source resistors (1951 - 1 854 of the capacitance sours© resistance network 1 950, Figure | 
198} . At 2707-2708, the capacitance reference signal is applied to one side of ihe test pair, via test 
conditioning relays (figures 14-15} and ihs relay connectson/protectson clrcotiry (Figures 14-15? At 2709, t 
(except: whon the other side of the test pair is shorted to grnond) ihe signai is aiso applied to the power 
operational amplifier circuitry (2112/2102 of Figure 21} . At 2708-2700, a duplicate of toe capacitance 
reference tone signal is applied to Ihe other side of the lest pair, via test conditioning relays (Figures 14- 
15} and the relay connection/protection circuitry (Figures 14-15} . 

At 2711, the (delayed signal) output of the power boost ampilflei circnltiy Is frequency band-ilntlfed (to 
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eliminate noise) by the bandpass R8er (1922, Figure ISA) . At 2712 8 is 
crossing (isad/lag) phase detector circuit (1306, Figure 13A) with tie po 

(supposed by fee power boost amplifier at 2705! At 2713. the terse interval of the digits! signal output by s 

the phase detector, which represents the phase difference between the reference (SIR!) and delayed | 

^ » -> t •»,,•> ,t«o \t- o ^'^iC^s- ^ ' < or- ;i <> p^ : 'mc i '« <; *c '« 1 -s- o U , s v'ij^ 

period counters of the timing/counter chips (CTCs) .901-904 of Figure S\ which then forwards this phase | 

information to the CPU . | 

by {he RMS/DC converter (1701, Figure 17 A) . The resulting OC analog voltage is then read at 2716 by | 

the AD converter 11710. Figure 17A8) . which sends »»s snip litude data to the CPU. The differential * 

capacitance or AC resistance of the less pair ss denved in the processor from {he phase and amplitude s 

srmsurements, which are based on the RC time constant of the line capacitance ant} source resistors | 

used. | 

?. Transmission Leves Measurement {Figure 28) | 

The transmission Jevsi measurement performs a measurement of a signal sopited So the tost pair and | 
calculates 8>e d8m value of the signal. The signal is band-limited through a progrsmmabi© filter te.g. 

between 300 and 3000 Hz) . The system bridges onto the test pais; roads the AC voltage on the test pair | 

and mparts the converted d8ro value, if the mitral voitage reacting ss less then a prescribes value (e.g. 150 s 

Shan reported as the measurement value of the line transmission level. More particularly, AC signals from | 

the test pair are fed at 2801-2803, through the circuitry of Figures 14-15. Including relay input connect/ | 

protect ctrcutfry, test par transformer 11503. Figure 15! ; and test condliionlog relays (K18, K"iS and K20. ?: 

which connect the required termination resistance, 800 or 908 afws, via resistors 1 507. 1509. as shorn | 

to Figure 1 §) So amplifiers {Figure 20) at 2804, which correct for transformer loss and provide xf or | 

>;IO gain. The amplified signals are ihen baod-iimited at 3805 by the bandpass filter (1020. Figure 19), | 

and divided down at 2S06 by the voitage divider network *180'i. Figure 16) . The divided analog. AC * 

voltage is then converted ei 2807 to a DC voitage by the RtMiQC converter (1 701 , Figure 1 7), and read | 

by the AD converter (1 71 Q, Figure 17 1, al 2808. The digitized output of the AD converter is placed on ins | 

8, Die; Tons- Detection tFigure 28) The purpose of dial tons detection Is to evaluate she dial tone on she g 
line which se connected to the test pair. Osai tone testing includes monitoring for, may include and * 
attempting: to bresfe, dial terse for prescribed periods of feme. | 

in order to de-sect dial tone, either the test pair relay { K1 7, Figure 1 b) or she monitor pair relays <K23. Klo, *: 

^ ' Op t ,. !. 1 ! v 0 O fO f t < 

transformers (1503, 1520, respectively, shown in Figure 15), depending on the test requirement. Via lest | 
conditioning re says ('Figures 14, 15), She diai rone signal :s coupled at 29<;0S to she amplifier csreunry of 

Figure 20, At 2007 the diet tone signal is amplified {transformer losses are corrected and si or xtO gain is | 

selected 8 , sod She aropisfed signal :s fnen band"i:mited at 2908 (by bandpass filter 1820, Figure 19s . The s 
bandpass-Mtersd signal te applied at 2900 to the voitsgs divider network {1S01, Figuie 16) . The resultant 

divided signal is then converted mva a DC voitage at 2910 by the RMS/DC converter (1 701, Figure 17A | 

and sensed, at 2811 by the high-speed comparator circuitry (1731, Figure 17C, 2001 Figure 20) . As | 

described previously, the nigh speed comparator Is operative to provide a high digital logic level to a | 

DAC i1720. Figure 178) , which Is; set at a mmshold value representative of a ce»ive«ed -30dS signal s 

level. On the other hand, a low logic saves from the high-speed comparator indicates the absence of dial «s 

tone, | 

9. Rotary Dial Analysis Figure 30) | 

Rotary dial analysis monitors she make and break times of the poises being examined on the test pair. For s 

rotary diai signet analysis, the (rotary diai) signal is coupled al 3001 - 3002 through She relay conned/ | 

protect ctrouriry end tost conditioning relays (Figure 14, 15) , which provide CO. battery loop power at | 

3003, to an off-hook detection comparator f1231 . Figure 12Cs , st | 

3004. The off-hook comparator Is operative to output a digital low logic level during the "make" pad of the s 
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("Breaks" are indicat-ad by 3 high logic- iav©i) . The tim© intervals of the make and breaks pulses are | 

measured si 30O6 by countet-hjme! chip {CTC} (801 . Rgurs 35 - which eeupfes She snfon-n-abon to She j 

CPU, 10. DTMF (Touch Tons) Detection (Figure 31} 1 

Touch tone or DTiVIF signal analysis performs a test of the DTW digits received on the test pair during | 

the test p9fiosi A prescribed number of digits and a giver: wait fens are employed. In order to detect | 

D~V r S ,^^[ S t> t fv, <hr te>1 - 5:: iK^ r guro Hi of tho nioono' rxsis >oks\s >,F V\ MO fsgnm 15t | 

^ c\ > v -o *ht v^'jj^t hi ct i i>^t i' > * ^ | 

3105 to respective ssrjlatson iransfGnrisrs (1503., 1520. respscSvely. shown in Figure 15} . depending m 4. 
the DTMF path of interest. Ym test conditioning relays •Figures 14. 15} , the signal is coupled at 3103 to | 
the amplifier circuitry of Figure 20, which compensates at 3105 for transformer loss and provide- si or xJO 4. 
gain) , The ksss-osxnpansaied {amplified} signal is -then coupled at 1 

3106 to a DTMF receiver (1211, Figure 12A) , vrhlch reports data of DTMF signals received via port '5213 i 
\ ■> ^ Pi F q t 1"" 1 op n dc < >!=■ v " to pottt --h - > -e c | 

iransforow (1503, Figure 15) at 3302. Via test mnditionsng relays (Figures 14, 15), at 3303, a path is | 

provided at 3304 to high impedance monitor buffer amplifier Circus} 1550 (Figure 15} . M 330€. me j 

cascaded monitor pasr relay path : K23, K18. Ftg>.:rs 15} is coupled via isolators sransibrrner 11520, Figure 4 

15} st 3308, to high impedance monitor amplifier 1550. | 

HOLD (Figure 34} 1 

The Moid function involves remaining off-hook on the monitor pair without a test pair-to- men iter pair sj 

connection or battery loop power oe»ng spptisd, as shown a? relay connection 3401 forth* mentor parr, 4 

per so, and the relay connection to test conditioning relays for the test pair at 3402 and 3403, separate | 

from a connection to the monitor pair. | 

12, Tone Generation (Figure 35) | 

As described previously, all tons signals are based upon digitally generates does signals thai are 4 

ciorvlrotiabiy combined, fcwf and amplified to produce ths desired tone signal . Ton® generation may 4. 

involve the provision of a prescribed tracer tone (e.g 577.5 Hz si 10.8 dSroJto the last pair and | 

Interrupting: the tone at a defined rate. For lone generation, as shows at 3501, processor ciock signals are sj 

applied so the tirmng'souttter chips (901-904, Figure 9; and seiaolsvely dtvided down so produce She digiiai 4. 

ciock components of which the tens signal is comprised The psak-to-psak ampiiiude of Shese signals Is | 

sol ov r S v ? i^c \e eoi eufoui ^ :>'\c st 3c02 .^d the s : g-oip ^re t eier!\ ei> sonsrsd at Joh3 as. | 

necessary by the frequency addef/sslscfor cisoaiiry (figure 13B) . The resnlSrsg sins waves are coupled 1 

at 3504, to the towpass filter circuitry (Figure 19s) , and the fiitofed tones am then amplified through She | 

tor" j p >r-<*t sy a » « i £. •» k 1 v 1 ^ Jwv^ ^ <sm 0^ \ o v • ru ■< <s test | 

cionditioning relays (Figyres 14, 15}, at 3508, which orovids oonneoiions wth tho required terminates | 

resistors (as shown m Figure 15), a! 3507. | 

13, Ring (Subschbef ■ Test (Figure 38} | 

The ring suioscribsr function: apptsed a selsoted one of a plurality of available typos of ringing signals So | 

the test pair. Stsch ringing signals include: R NEG con'sspondlng to a negative superisrsposed ring e.-gnaf 1 

applied to toe dog side of the line, R POS corresponding to s poslllvfj supers mposed ring signal applied to | 

tha ring side of the line, T NSO cormsponding to a negative superimposed nag signal applied to toe tip 4. 

side of the fine, and T POS sorresponding to s positive superimposed ring Signal applied | 

to. ths tip side of the lino. | 

When performing a ringing test, toe RfvlU applies the ringing signal to the last pair and monitors in© line | 

for a subsequent nog trip. Ones the test pair goes off-hooK, 8te RMU removes the nngiug ssgnai from toe 4. 

•test pair and places the caiibaok in talk mode, with hattery lop power applied m the forward polarity slats, | 

As shown in toe signal Sow path connection diagram of Rgum 36 . to conduct a ringing signs! test, a | 

signal is connected from a finger (or also applied to the test pair) with toe proper ring cadence throogh trie | 

*. i ^ nr •> t p > v. ec > 1 ^ 1 i c o *c ^i«iti n r n <v " ^ 14 > >< >" j 

Via toe conditioning relay circuit pain (Figures 14-15} . toe signals are then steered to the l/i, 1/10. 1/100 | 

or 1/1000 valaga divider network 3504 (180'i , Figure 15) . The divided analog AC voltages are than | 

coupled at 380S to iim RMS/OC corsvsrisr (1701 in Figure 17A) , which iran«laiesi fhe RMS voltage to an | 

analog DC volfags . This analog DC voltage is then read at 3808 by the AD converter (1710, Figure T7A) , | 

which In torn sends digital AC voltage measurement dais to the CPU (S01< Flgui« 5) , 14. Off-hook 1 



Detection (Figure 37) 



Off-hook detection monitors the ssne wder test to astenviine whelher !>rta voltage inchoates that the 
subscdbet termination device is off-hook, Fof off -hook detection, the subsors&er line is coupled at 3701 - 
* C * i j.h tiiM* \i v ifc> v. _ut .. \ i.^ d 9 (tkjjsd yu o 15 "\ v'ivr 
provide CO. battery loop power sr. 3703, to m off-hook detection, oomparator 

(1231. Figure 12C> , at 3704. The off-hook comparator is operative to oulpai a digital Sow; logic fevet to a 
pasaSsS port read by the 

CPU when the subscribe? is off-hook As described previously, an 'off-hook' condition is declared when 
She sfena! ievei is mors negative than the - IS DC threshold provided a? 3705. 15 Alarm Contact Closures 
Deisolson (Fsgure 38 j To detect an alarm conrad ciosura, the aiarrn input is coupled at 3805 trough reisy 
conned/protect dreuliry (Figure 14. 15) and applied, at 3302. to an alarm threshold detector circuit {1221. 
Ftgum 128} , the input of whim Is coupled to deiee?. the open or 

dosed condition of comae* of an alstro relay (K7. Figure 1 28} . As explained previously. She aiams input 

«n k n nt« U w * *\ } =! i ornU k^iii^u Oi *w * vd ila f 
comparator output is few when an alarm contact closure, condition has been asserted. MAU OPERATING 
SYSTEM 

As sxpiatned prsviousiy. when tire integrated RMU/MAU s-yslero of the present invention is remotely 
commanded to op-scats as a metallic access unit, the system receives commands from 3 direct access 

jtM A ^ , i u •. s - ^ •> v , U t ^ ^ ' c - „ ' -w v y v ^ -te ' 

A nofs-iirnifis-is example of a direct acosss test unit that irtsy its etrspioyed for tins purpose is described in 
She U .S. patent to Chan et at, en«8od "Direct Access Test Unit far Central Office. ' No 4,841 .580, issued 
June 30, im 

When operating in the MAU mode. diao/ammsffcaSy Illustrated in the block diagram of Figure 38, the 
system Is capable of conditioning a line In accordance with selectively invoscsa MMJ function si sty, using 
the relay oonneetfsrcteet circuitry and test conditioning relays, at 3981 -3902, as described above in 
connection with the description of the RMU operating system. In the fvlAU mode She following (verifieble 
on demand) conditioning functions may be invoked, using, the relays shown in figures 34 and 1o, 
described above; 

Open Line - In which the line under lest Is disconnected; 

Short Line - for the test pair. Tip end Ring are shorted together; 

Shod: To Ground: - tor the test pasr, tip. Ring, and Ground ars ail shorted together: 

Tip Ground - for the test pair, Tip is shorted jo Ground, with Ring open: and 

If Ring is shoded to Ground, v 
option of open line} , an internal re; 

to providing a connection to the external tm. AC LIME CONDITION SN<3 

F C f < •>< , ■ujh. c r>" i\ \ ~ t o o c .. 5 c o > t o\ K dlr 

For tip tone- and ring tone conditioning, the tons (e.g. s 577.5 Hz tons m a isvei of ISdSm; is coupled to 
the Sine single sidsd (tip-ground or nng- ground) . The interruption rate for an M.AU tone sway be on the 
order of 8.7 Inforrepilons per second (as opposed to an interruption rate of five intofroptsons per second 
for an RMU tone) . To verify piacen-rent of a tracer tone on the line, an internal Iransmisslon level 
measurement is conducted prior so connectjon to the line. HOLD TEST 

For a hold test the system maintains the line conditioning currently invoked for a prescrihed period of time 
(s,g. 1-SS minrites) , which begins when the system goes back on-hook. Funclioos which may be held ere 
open lias, shotted istm shott~so»ground, Hp-to-grouod. nng-to-ground, tip tone, ring sone, and ttp and ring 
tone, referenced above. 

*sy\ v.* vvv. " fto> t(f> J «^»» j*r» v x * >» »«v » 3 * v. ^ Kited >ii .■'ssirs =i u N n 

•> rrq S!< ci ok tnhv " tt - a v. ^nrtb n f v "tv \ i) r 

oapsbiiitses of such units ars effectively obviated so accordance vvsth the proisessor-conlroHfso integrated 
Islephone sine measurement and conditioning system of the present inveniion, which provides a 



muatpiksty of measurement and ooodstscwisrifi fynctiom thai $m selectively sjtsaiiaoie to response to 
commands issued from a remote command site. As described above, she do&i fn«88«f««moi and 
eond:t>c>m«Q oapabsiitiei of ibe afctisteclyra of the present invention impart both virtua, remote 
measursfneaiuntt iRMUt fiinctionaisty and wluai metate access unit fMAU} functionary that may be 
individually accessed and eontroiied The RiVRj operates primarily 33 a imi head that performs 
mochanizod loop tes«t>g (MLT) tasks, white the MAU is operative to 

impart prescribed ©leaned conditions io 3 specified line circuit When contfoSsbSy accessed to operate as 
a virtual RMU. th» present Invention responds io i^tawtso^s from » command s<s« doop maintenance 
operations system} and performs singSe-iine demand tests on a lino provided by a pair gain system. To 
operate as an !V;AU ; the system receives commands from a direct access tost un<5 (DATU) and performs 
line conditioning funcgem on ths t»st fine provictsd &y the par gain system. 

While *ve have shown and described an embodiment in accordance with the present invention, it is to be 
^od fs* vd t * h "« ? c > •< Sir ^ t }■> o«< << j)«t »> o x nt ore c 1 " j.^ <o xr r odif <. a in 
as known to a person skiiied m the art, and we therefore do not wish to be limited to the details shown 
and described herein but intend to cover ail saeh changes and modifications as are obvious io one of 
ordinary ski jtt the art. A processor -corciroiiad integrated telephone iine measurement and conditioning 

that are ssiactiv'siy execmabio m response to commands rasped from a supervisory command site. The 
deal measurement and conditioning capabilities of the arehitectnra of the present invention impart both 

that may be individually accessed- and controlled. The RSvlU operates phmeriiy as 3 test head that 
performs mechanized loop fasting (MIT} tasks, whiia the MAU is operative io impart prescribed eieefhesi 
conditions to a specified tins circuit When eoniroSabiy accessed to operate as a virtual RMU, the present 
invention responds to instructions from a command site (loop maintenance operations system) and 
performs singse-lina dsmand tests on a ling provided by a pair gain system. To operate as an MAU, tiis 
system receives commands from a direct access test unit (DATU) and performs line conditioning 
functions on the test fine provided by the pair gain system. 
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